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Foreword 
After a number of successful years of extending the latest research and development information to 
agribusiness and growers, Agriculture Western Australia and the Grains Research and Development 
Corporation have restructured the Crop Updates to further enhance delivery to its audiences.  With the 
introduction of a State Grower day, in addition to the Agribusiness days, participants will enjoy the 
benefits of targeted information to suit their needs. 
The Crop Updates are an important tool in the extension of last season’s research results and the 
implications for this season’s cropping program.  The event offers a unique opportunity for participants 
to hear from leaders in crop research and development, as well as interact with key industry people.  
With the unfavourable seasonal conditions of 2000 having an impact on the coming season, this 
year’s Crop Updates will also assist participants in gathering knowledge to help maximise returns 
during 2001.   
Oilseed production in Western Australia has benefited significantly from information provided at 
previous Crop Updates.  For example, the advantages of early sowing for higher oil contents were 
demonstrated last season with average oil contents being above 39%, despite the dry season.  
Disease management packages for oilseed crops have also been extremely useful in terms of 
managing risks.  I’m sure that information from this year’s Crop Updates will continue to benef it and 
expand the industry in Western Australia. 
I would like to congratulate those involved in organising the event and wish participants an informative 
and beneficial 2001 Crop Updates. 
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Implications of the ‘green-bridge’ for viral and fungal 
disease carry-over between seasons 
Debbie Thackray Agriculture Western Australia and Centre for Legumes in 
Mediterranean Agriculture 
KEY MESSAGES 
• Some viral and fungal diseases of broad-acre crops can only survive from the end of one winter 
growing season to the start of the next on green plant material  -  the so-called ‘green-bridge’. 
• The aphid vectors of many crop viruses also require this ‘green-bridge’ to survive between crop 
growing seasons. 
• In WA, with its Mediterranean climate, the survival of aphids over the hot summer is critical in 
determining the likelihood of aphid outbreaks and virus epidemics in broad-acre crops.  
• The abundance of green plant material is dependent on summer and early autumn rainfall. 
• Summer and early autumn rainfall is being used in computer models developed to forecast 
aphid outbreaks and virus epidemics in broad-acre crops in different zones of the WA grainbelt. 
• Predictions can be used by advisers and growers in planning management of aphids and 
viruses in broad-acre crops.  Decision support systems (DSSs) are being developed to aid in 
this. 
• Summer surveys and paddock inspections before the start of the growing season can further 
assist in decisions both before and during the growing season about prevention and 
management of fungal and viral diseases in crops. 
• Early destruction of the ‘green-bridge’ to create a fallow before sowing can greatly reduce 
disease and insect pressure on emerging crops. 
BACKGROUND 
In the Mediterranean-type climate of Western Australia, it is the survival of pests and diseases over 
summer that is often critical in determining the likelihood of pest outbreaks and disease epidemics in 
broad-acre crops.  Whilst some pests and diseases can persist in seed, stubble or soil, others require 
green plant material to survive, the so-called ‘green-bridge’ between growing seasons.  For example, 
both the aphid vectors of viruses and many of the viruses they transmit must have live plant hosts to 
survive the summer.  These viruses include the luteo-viruses, barley yellow dwarf virus (BYDV) in 
cereals, beet western yellows virus (BWYV) in canola and bean leaf roll (BLRV  -  not confirmed in 
WA) in pulses.  Other diseases requiring live plant material to survive summer include rust in cereals 
and downy mildew in canola.  Root lesion nematode populations are also enhanced by the presence 
of live root tissue.  The abundance of green plant material is dependent on summer and early autumn 
rainfall.  However, the anticipated increase in warm season (summer) cropping and lucerne plantings 
will increase the survival rates between winter growing seasons for some pests and diseases, which 
previously persisted over summer only on weeds and crop volunteers (see Jones in 2001 Pastures 
Update).  Monitoring the abundance of green material surviving through the summer and the 
incidences of pests and diseases associated with it can aid in planning appropriate management of 
these before or after winter crops are sown.  In particular, early control of weeds and crop volunteers 
to create a fallow before sowing can greatly reduce disease and insect pressure on emerging crops.  
For many pest and disease problems, the greatest damage is done when they occur early in the life of 
the crop.  Computer forecasting models based on summer and early autumn rainfall are being 
developed to predict aphid outbreaks, and viral and fungal disease epidemics in broad-acre crops and 
their effects on crop yields and quality.  Decision support systems based on these models will aid 
growers and advisers in their management of aphids, viruses and fungal diseases using cultural and 
chemical methods of control before or after sowing winter crops. 
FORECASTING MODELS FOR APHIDS AND VIRUSES 
The forecasting model developed for lupins is used to predict yield losses both from direct aphid 
feeding damage and from cucumber mosaic virus (CMV), which is transmitted by aphids, in different 
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zones of the grainbelt.  CMV can cause yield losses of up to 60% when aphids arrive and spread virus 
early the crop's life.  Conversely, in years when aphids arrive late there may be little or no loss in yield 
from virus infection.  The model calculates an index of aphid activity in the vicinity of the crop prior to 
the growing season.  This is based primarily upon rainfall during late summer and early autumn 
(February-April), which determines soil moisture and the availability of green plants on which aphids 
build up before moving into crops.  The model then predicts aphid arrival and build-up and the spread 
of CMV from seed-borne infected plants within the crop.  It also evaluates the effects of different 
sowing dates, proportions of seed-borne infected plants and plant densities on aphid numbers and on 
virus spread.  Grain yield loss and the proportion of harvested seed infected with CMV are estimated.  
The lupin model successfully predicted the time of arrival and build up of aphids, spread of CMV, yield 
loss and CMV transmission into harvested seed found in four years of field experiments at 
Badgingarra, WA.  These experiments represent a range of scenarios for February-April rainfall, 
sowing date, level of infection in seed sown and plant density.  Further validation using data from 
different years and sites is being done.  The model is being incorporated into a decision support 
system (DSS) for use by advisers and growers in WA.  This will predict the risk of aphid outbreaks and 
virus epidemics in lupins and demonstrate the effects of cultural control measures at seeding on 
disease progress and yields in different districts each year.  Inputs that will be required from the user 
will be the variety sown, sowing date, % CMV infection in seed sown and geographical location.  The 
DSS will use climate data from the locality to calculate predictions.  The DSS should give growers 
greater confidence in growing lupins in medium to high virus risk areas, by enabling them to anticipate 
problem years and to plan appropriate management strategies, thereby reducing yield losses.   
This modelling approach, based on summer and autumn rainfall, has also been used in the 
development of a forecast and DSS for aphid and BYDV control in cereal crops grown in WA (see 
Thackray et al. in 2001 Cereal Update).  It will be adapted in the development of further models and 
DSSs for management of aphids and viruses in canola and chickpeas (see Thackray et al. in 2001 
Canola Update).  There is potential to transfer the technology to other pests and diseases which are 
dependent on the ‘green-bridge’ to survive between growing seasons. 
OVER-SUMMERING SURVEYS AND PADDOCK INSPECTIONS 
A number of surveys have been done in the past 10 years in WA to determine the occurrence of 
aphids and viruses in herbaceous plants surviving over summer (e.g. see Hawkes and Jones in 2001 
updates).  The information from these surveys helps determine the likely proportion of aphids carrying 
virus into crops and is being used in the development of the predictive models for aphid and virus 
incidence in winter crops.  Growers and advisers can also gain valuable knowledge in years with 
summer rain by inspecting their paddocks prior to the start of the growing season for pest and disease 
incidence, as well as for natural control agents such as predatory beetles and pathogenic fungi 
infecting aphids.  Where disease and pest pressure is high, chemical control of the ‘green-bridge’ 
should be done to produce a fallow period of around 6 weeks.  Generally, delaying sowing is to be 
avoided as the loss in production outweighs the benefits of reducing insect and disease pressure 
(e.g. aphids and BYDV in cereals).  For some diseases, early sowing enhances control, such as with 
lupins where a rapidly established plant canopy shades out CMV-infected plants. 
IMPLICATIONS FOR GROWERS 
Growers and advisers can use pre-growing season paddock inspections, risk forecasts and their 
knowledge of the effects of the ‘green-bridge’ on pest and disease carry-over, to prepare for the 
growing season ahead.  They should: 
• control crop volunteers and weeds early, so as to reduce pest and disease pressure on newly 
emerging crops, e.g. BYDV and aphids in grass weeds, aphids and rust in cereal volunteers; 
• consider the risk associated with planting infected seed, e.g. if aphids are expected to arrive 
early following a wet summer, then CMV-infected lupin seed should not be sown.  With little rain 
and little green vegetation, aphids will be late, and the risk from planting infected seed 
decreased; 
• consider cultural management strategies before or at seeding for aphid and disease control, 
e.g. cultivation for rust control, increased plant densities and narrow row spacing for CMV 
control; 
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• utilise predictions based on summer rainfall as to if and when to apply insecticides.  This is 
especially useful when it is hard to find aphids and virus symptoms in crops, as considerable 
virus spread can occur with low aphid numbers and before symptoms can be seen; 
• request seed tests for lucerne, so as to prevent introduction of seed-borne diseases such as 
alfalfa mosaic virus to areas previously unaffected, with subsequent spread to other legume 
crops. 
Decision support systems will aid growers and advisers in these considerations by forecasting pest 
and disease pressure, demonstrating the effects of management strategies and predicting timing of 
these for different areas of the WA grainbelt.  Early control of the ‘green-bridge’ will assist the 
establishment of roots in a less hostile soil environment (root diseases including root lesion nematode) 
and decrease disease spread and impact (leaf fungal and viral diseases).  
The modelling and survey work reported here is supported by the Grains Research and 
Development Corporation.  I thank Roger Jones, Art Diggle, Francoise Berlandier, Jenny Hawkes, 
and Plant Virology staff at AGWEST South Perth for their contribution to this work. 
GRDC Project No.: UWA 290, UWA 313, DAW 609 
Paper reviewed by: Christine Zaicou-Kunesch and Rob Loughman 
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Insect pest development in WA via the ‘green-bridge’ 
Kevin Walden, AGWEST 
KEY MESSAGES 
• Summer crops and out of season crop volunteers and weeds that enable larger than normal 
populations of crop pests and diseases to carry over to the next growing season are defined as 
the ‘green-bridge’. 
• Unusually wet summers that produce the ‘green-bridge’ are seen as being responsible for 
subsequent pest and disease outbreaks.  
• Responses to summer rainfall by insect pest species are varied; summer rainfall events can be 
either advantageous, detrimental or have no influence on survival. 
• If vegetation is abundant in paddocks planned for seeding, those paddocks should be sampled 
for insect pests.  
• Habitat destruction can be a management tool.  A fallow period of three weeks for caterpillars 
and one week for mites before the crop is sown is required to starve these pests.  Insecticide 
treatments at the time of application of herbicides can be cost effective. 
INTRODUCTION 
Extensive summer rainfall in the wheatbelt of WA, like that experienced in 1999/2000, is an unusual 
event that has major implications for the survival and development of insect pest species.  The 
responses of insect pests vary from enhanced survival and reproduction, to little if any response, to 
sharp increases in mortality and a rapid decline in numbers.  Knowing the responses of insect pests to 
summer rain gives us the opportunity to define the most effective management practices. 
Example 1  -  Aphids 
Several species of aphid are pests of cereals, pulses, lupins, canola and pastures.  Not only can they 
cause significant damage to crops and pastures due to their feeding when they are present in very 
high numbers, but they can also inflict considerable damage in low numbers as vectors of a number of 
viruses.  Aphids have several generations in a season and characteristically their numbers fluctuate 
widely. Aphids are extremely difficult to find after spring and are thought to survive by taking refuge in 
small, isolated pockets of suitable habitat.  Recent studies are suggesting that summer and autumn 
rainfall may be critical to the initial development and migration of a number of aphid species into crops 
and pastures.  These studies could lead to accurate predictions of the timing and size of aphid 
infestations to assist with the management of these pests. 
Example 2  -  Webworm 
Several species of Hednota (Pyralidae), collectively called webworm, are pests of emerging cereal 
plants (except oats).  They have one generation each year.  Adult moths emerge between March and 
May and eggs are laid within four days of emergence.  Incubation time varies from six to 30 days 
depending on temperature.  Webworm are in the larval stage for ten to 11 months of the year and in 
the final stages of larval development become dormant, in late September to early October.  Before 
entering dormancy, a larva will deepen its web-lined tunnel to 3 to 12 cm and spin a heavily webbed 
cap over the tunnel entrance.  The larva will remain dormant over the summer months and pupate in 
March or April.  Moths emerge three weeks later. 
Survival can be enhanced over summer if moderate rains replenish body moisture, especially when 
conditions have been particularly hot.  The dormant larvae are not prone to drowning in their tunnels.  
However, the larvae are prone to fungal infections and high levels of mortality can occur if the rainfall 
is prolonged.  Survival of eggs and larvae emerging in autumn is enhanced if late summer rain has 
produced a dense grass cover over the paddock.  The response of webworm to summer rain is 
variable and depends primarily on both its timing and the amount that falls but will also be influenced 
by temperature, the capacity of the soil to hold moisture and the vegetative cover. 
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Example 3  -  Native budworm 
The native budworm (NBW), Helicoverpa punctigera, is a major pest of lupins, pulses and canola. 
Moths fly into crops and lay eggs in late winter and early spring.  The larvae feed on leaves and 
fruiting bodies and complete their development just prior to harvest.  They pupate in the ground at the 
base of plants and most emerge as moths two weeks later.  Given that conditions are usually dry at 
this time, female moths will not mature but will disperse, sometimes over very large distances.  NBW 
populations contract to the south over summer and numbers are greatly diminished.  The 
reappearance of moths in crops in late winter appears to be the result of successful breeding in 
autumn and early winter in pastoral regions and a migration of moths into the Wheatbelt.  
The summer of 1991/92 gives an example how an unusually wet summer in the Wheatbelt impacts on 
NBW.  A major outbreak of NBW occurred in the 1991 growing season and despite extensive spraying 
by farmers, extremely large numbers of moths were produced in October and November 1991.  
Extensive rainfall over most of the Wheatbelt from October 1991 to March 1992 (8-10 decile) resulted 
in continued breeding in the region and a very much larger than usual population of NBW in March.  
These NBW would have been able to enter a pupal diapause and remain under the ground until late 
winter when they would have emerged as moths and infested crops.  However, moth production in late 
winter and early spring of 1992 was the lowest over 10 years of recording.  A drought had occurred 
over autumn and winter in the pastoral regions, thought to be the origin of most NBW moths that infest 
crops in the Wheatbelt during late winter and early spring.  Continued development and reproduction 
of NBW in the Wheatbelt over summer resulting from high rainfalls that were frequent and extensive 
had little influence on the number of NBW occurring in the subsequent season.  
MANAGEMENT TECHNIQUES 
Regular surveillance is the key to the management of most insect pests.  If summer rain produces out 
of season weeds and crop volunteers just prior to seeding, these paddocks should be surveyed for the 
presence of pest species.  Paddocks can be surveyed by close inspection of plants, the use of a 
sweep-net to collect any insects present, and by removing the surface layer of soil for observation of 
subterranean species.  
If large infestations of insects that pose a potential threat to the planned crop are found in summer or 
autumn up to a month prior to expected seeding date, the destruction of their habitat may be 
considered.  However, summer populations may not carry over into the growing season if conditions 
deteriorate.  If large infestations are found around the time of seeding, an insecticide treatment can be 
applied very economically along with herbicides.  
When considering management techniques for insect pests that may take advantage of summer rain, 
each situation and species must be taken on its merits.  The pest obviously must be one that can take 
advantage of summer rain and the method of destroying its habitat (herbicides, cultivation, burning or 
grazing) must be compatible with other farming practices.  There would be very few cases where the 
implementation of such management practices could be justified solely on the pretext of minimising 
the subsequent impact of an insect pest.  Controlling summer weeds is likely to reduce numbers of 
insect pests such as webworm, lucerne flea, mites, slugs and beetle larvae.  
Special thanks to Josslyn Else for her assistance with this paper. 
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Performance of new canola varieties in AGWEST 
variety trials in 2000 
G. Walton, Crop Improvement Institute, South Perth, from Crop Variety Trials 
KEY MESSAGE 
When choosing a variety, the performance characteristics to be considered are the potential yield for 
your environment, which includes having a suitable maturity to match the length of the growing season 
and the level of blackleg resistance desirable for the paddock situation. 
INTRODUCTION 
Over the past two years a great number of new canola varieties have been released.  The first 
opportunity of comparing these new varieties together in trials occurred in 2000.  The season was 
difficult for crop performance and yields, with, in most regions, a late start to seeding, low rainfall 
during the season plus the damage to crops by insects, particularly in the northern region.  
This summary records the relative performances of the new varieties in the season 2000, 
performances that have been influenced by interaction between variety maturity and low rainfall.  In 
other years of better rainfall and earlier sowing, the performances of yield and oil may alter, especially 
in favour of the mid-maturity varieties.  Looking ahead, the results of these trials will be incorporated 
into the databank available from all trials conducted in previous years to provide a consistent analysis 
of variety performances. 
DESCRIPTION OF SOME CHARACTERISTICS OF THE NEW VARIETIES 
Triazine tolerant varieties in comparison with Karoo 
Variety Height Maturity Oil concentration 
(1, low – 9, high) 
AGWEST 
blackleg rating1 
Hylite 200TT Short Early 7 2 
Surpass 300TT Medium  -  short Early 7 N/A2 
ATR-Hyden Medium Early  -  medium 6 5P 
Surpass 501TT Medium Early  -  medium 7 N/A 
Beacon Medium Early  -  medium 6 4P 
Surpass 600TT Tall Medium  -  late 7 5 
TM 8 Medium Medium  -  late 6 5P 
ATR-Grace Medium Late 6 N/A 
Karoo Medium - short Early  -  medium 5 4 
1 The AGWEST ratings for resistance to blackleg combines both the plant survival and stem canker scores.  
1 = highly susceptible, 8+ = highly resistant. 
2 Surpass 300TT has shown poor plant survival scores, select with caution. 
N/A; Rating not available because of insufficient data. 
P; Rating is Provisional, based on a minimum of data. 
Imidazolinone tolerant varieties in comparison with Karoo 
Variety Height Maturity Oil concentration 
(1 – 9; low – high) 
AGWEST 
blackleg rating1 
Surpass 402CL Medium  -  tall Early  -  medium * 8+ 
44C73  Early  -  medium 7 N/A 
Surpass 603CL Medium Medium * 8+ 
44C71 Medium  -  short Medium 6 4 
46C72 Medium  -  short Medium 7 4 
46C74  Medium  -  late 6 N/A 
Karoo Medium  -  short Early  -  medium 5 4 
*  High oil potential. 
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Non-herbicide tolerant varieties in comparison with Monty and Oscar 
Variety Height Maturity 
Oil concentration 
(1 – 9; low – high) 
AGWEST 
blackleg rating1 
Georgie Medium  -  short Early  -  medium 7 4P 
Surpass 400 Medium  -  tall Early  -  medium 8 8+ 
Ag-Outback Medium Early  -  medium 5 4P 
Ag-Emblem Medium Early  -  medium 6 6 
46CO3 Medium Early  -  medium 6 N/A 
Trooper Medium  -  tall Medium  -  late 7 5 
Hyola 60 Medium  -  tall Medium  -  late 8 8+ 
Insignia Medium Medium  -  late 8 6P 
Purler Medium Medium  -  late 8 7 
Ripper Medium  -  tall Medium  -  late 8 6P 
Surpass 600 Medium Medium 6 6 
Oscar Medium Medium 5 6 
Monty Medium  -  short Early 6 5 
Flowering dates of the varieties were recorded on many trials, histograms showing the differences in 
days after sowing that 50% of plants had first flowers are presented for the different types of herbicide 
tolerance.  The flowering differences are recorded for the north, central and south agricultural regions.  
North region includes the Geraldton district out to Mullewa and Coorow. 
Flowering of TT varieties in 2000
60 70 80 90 100 110
Hylite200TT
Karoo
Surps501TT
Surps600TT
Bugle
Clancy
Days after sowing
Sth, Fl
Cent, Fl
Nth, Fl
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Central region includes Badgingarra and Wongan Hills. 
South region includes Katanning and Esperance. 
Flowering of IT varieties in comparison 
with Karoo in 2000
60 70 80 90 100
Surps402CL
Karoo
44C73
Surps603CL
44C71
46C72
46C74
Days after sowing
Sth
Cent. 
Nth
 
Flowering of non-herbicide resistant 
varieties in 2000
60 70 80 90 100
Monty
Georgie
Mystic
Surps400
AG-Outback
Rainbow
Emblem
46CO3
Oscar
Trooper
Dunkeld
Grouse
Hyola 60
Insignia
Purler
Ripper
Scoop
Surps600
Days after sowing
Sth
Nth
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GRAIN YIELD 
A summary of the yield of varieties is presented as relative (percentage of) to Karoo for the herbicide 
resistant varieties and to Oscar for the non-herbicide resistant varieties.  The yields are grouped into 
geographic regions and average annual rainfall zones. 
Triazine tolerant varieties in the northern region 
Variety High Medium Low 
Karoo 100 100 100 
Beacon 100 100 79 
Hyden 121 101 79 
Bugle 87 81 31 
Clancy 75 74 25 
Drum 72 66 44 
Hylite200TT 74 81 116 
Pinnacle 86 72 38 
Surps300TT 83 83 128 
Surps501TT 91 106 119 
Surps600TT 92 82 40 
TM8 96 78 58 
No. trials 1 3 1 
LSD, p = 0.05 15 16 28 
Trials located at Geraldton, Mingenew, Coorow, Watheroo (sown between 10 and 29 May) and 
Mullewa (sown 15 June). 
Triazine tolerant varieties in the central region 
Variety High Medium Low 
Karoo 100 100 100 
Beacon 118 102 101 
Hyden 108 80 103 
Bugle 90 59 74 
Clancy 93 77 76 
Drum 89 71 68 
Hylite200TT 65 94 96 
Pinnacle 97 54 70 
Surps300TT 85 90 106 
Surps501TT 110 101 78 
Surps600TT 100 65 71 
TM8 99 94 96 
No. trials 2 3 2 
LSD p = 0.05 14 25 20 
Trials located at Badgingarra, York, Wongan Hills, Meckering, Kunjin (sown between 8 May and 
15 June) and Merredin and Karlgarin (sown 18 and 31 May). 
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Triazine tolerant varieties in the southern region 
Variety High Medium 
Karoo 100 100 
Beacon 121 119 
Hyden 115 114 
Bugle 96 88 
Clancy 96 98 
Drum 85 93 
Hylite200TT 79 101 
Pinnacle 107 100 
Surps300TT 90 99 
Surps501TT 95 114 
Surps600TT 99 87 
TM8 105 116 
No. trials 2 4 
LSD p = 0.05 13 15 
Trials located at Esperance Downs (sown 9 May), Kendenup (sown 19 June), Newdegate, Wittenoom 
Hills, Ravensthorpe and Katanning (sown between 10 May and 14 June). 
Imidazoninone resistant varieties in the north, central and south regions 
 North Central South 
Variety   Medium Low  Medium 
44C71 58  93 135  125 
44C73   164   168 
46C72 40  54 122  75 
46C74   115   120 
Surps402CL 162  113 92  126 
Surps603CL 115   115  138 
Karoo 100  100 100  100 
No. trials 2  6 1  3 
LSD p = 0.05 80  30   25 
Trials located in north at Coorow and Mullewa (sown 15 may and 15 June), in central at Meckering, 
Kunjin, Avondale and Wongan Hills (sown between 31 May and 7 June), in south at Katanning and 
Wittenoom Hills (sown 14 June and 10 may). 
NOTE: The comparison of varieties in these trials have been conducted without the use of the 
triazine or imidazolinone herbicide systems. 
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Non-herbicide tolerant varieties in the north, central and south regions, with medium 
to low annual rainfall 
 North Central South 
Variety Medium 
 Medium-
Low 
 
Medium 
Mystic 144  128  101 
Monty 137  158  99 
Surps400 136  120  115 
Ag-Outback 133  174  126 
Georgie 112  129  100 
Oscar 100  100  100 
Rainbow 96  106  99 
Emblem 87  127  96 
46CO3 86  84  82 
No. trials 1  3  2 
LSD p = 0.05 27  28  27 
Trials in north located at Coorow (sown 15 May); in central region located at Meckering and Kunjin 
(sown 3 and 7 June), in south located at Katanning and Wittenoom Hills (sown 14 June and 10 May). 
Non-herbicide tolerant varieties in the central and south regions, with high rainfall 
 Central South 
Variety High  High 
Grouse 111  106 
Hyola 60 111  97 
Oscar 100  100 
Rainbow 99  106 
Ripper 98  92 
Scoop 96  80 
Dunkeld 95  93 
Surps600 93  86 
Trooper 92  87 
Purler 91  88 
Insignia 84  94 
No. trials 1  4 
LSD p = 0.05 12  30 
Trial in Central region at York (sown 6 June), trials in the south at Bridgetown, Katanning, Boxwood 
Hills and Esperance Downs (sown between 4 May and 14 June). 
NEW VARIETIES SHOWING GOOD YIELD AND BLACKLEG CHARACTERISTICS 
IN 2000 
Triazine tolerant 
North and central regions; low to medium annual rainfall: 
 Hyden, Surpass 300TT, Surpass 501TT. 
North and central regions; high annual rainfall: 
 Hyden, Surpass 501TT, Surpass 600TT. 
Beacon gave good yield, but should not be used where the incidence of blackleg is likely to be high. 
South region, high and medium annual rainfall: 
 Pinnacle, Hyden, TM 8, Surpass 501TT, Surpass 600TT. 
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Imidazolinone tolerant 
All imidazolinone tolerant varieties gave good yields relative to Karoo in the Central and South regions 
(in the absence of in-crop herbicide).  The main consideration when choosing a variety will be the 
blackleg resistance rating. 
In the North region, the Surpass 402CL and Surpass 603CL were clearly superior. 
Non-herbicide tolerant 
In North and Central regions, the early-medium maturity varieties of Mystic, Monty, and Surpass 400 
performed well.  Ag-Outback and Georgie gave good yields but have lower resistance to blackleg 
disease. 
In the South and Central regions, the medium-late maturity varieties Hyola 60, Grouse, Rainbow and 
Ripper performed the best. 
GRDC Project No.: DAW 486 
Paper reviewed by: Christine Zaicou-Kunesch 
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New herbicide tolerant canola varieties in WA 
Kevin Morthorpe, Stephen Addenbrooke, Pioneer Hi-Bred Australia P/L 
KEY MESSAGE 
Farmers in Canada have accepted varieties developed through conventional breeding and those 
developed through biotechnology.  As a result, they have significantly more options than Australian 
farmers with herbicide tolerant [HT] cropping systems that can deliver a complete package of yield, 
disease resistance, agronomic traits, and weed control making them very competitive with the 
benchmark conventional canola. 
INTRODUCTION AND AIMS 
The Canadians have been world leaders within the Canola industry ever since they developed the 
crop from rapeseed back in the early 1970s.  It is not unrealistic to view the current situation of the 
canola industry in Canada as a preview of what we might expect to see in Australia within the next five 
years.  
The modern Canadian canola planting is dominated by the use of HT varieties.  By 1999 HT varieties 
were planted to 67% of total canola area with 1.8 M acres of SMART (called CLEARFIELD* 
Production System in Australia), 2.1 M acres of Liberty Link and 4.99M acres of Roundup Ready.  
Conventional B. napus canola varieties made up 28% of the 1999 acreage  with the remainder (only 
3%) being Brassica rapa. 
TT varieties currently make-up less than 1% of the total area planted in Canada.  This is because the 
resistance mechanism in TT varieties is associated with photosynthesis in the plant and this reduces 
seedling vigour and vegetative growth resulting in lower oil and yield.  This has made them 
uncompetitive with other HT varieties developed by breeders without this yield or oil penalty but offer 
growers increased herbicide options across the rotation to control a broad spectrum of  weeds. 
This update will explain the positioning of the CLEARFIELD Production System for canola, the 
performance of Pioneer's new varieties in Western Australia and key developments in the future. 
POSITIONING OF THE CLEARFIELD PRODUCTION SYSTEM  
Varieties with the CLEARFIELD trait will help growers increase their herbicide options to control many 
troublesome weeds in-crop particularly wild radish.  Flexible timing of post-emergent herbicide 
applications such as the use of OnDuty with the CLEARFIELD System are especially important in 
no-till or reduced tillage systems, or in fields with variable weed pressure typical in Western Australia.  
Varieties with imidazolinone resistance have shown superior tolerance to other varieties to residual 
levels of SU's in the soil.  This outcome warrants further investigation.  Imidazolinone herbicides 
behave similarly to TT's and SU's only needing to be applied one time which offers growers greater 
convenience during the planting cycle and show residual soil activity to control later-emerging weeds 
in-crop.  OnDuty is ideal for environmentally sensitive situations limiting future use of triazine 
herbicides and can be applied at low rates, resists runoff and does not move readily into groundwater. 
PERFORMANCE OF NEW PIONEER VARIETIES WITH THE CLEARFIELD TRAIT 
In the 2000 cropping season, Pioneer released the first varieties developed in Australia for the 
CLEARFIELD Production System for canola. 
There is ‘strength in numbers’ so Pioneer is introducing two (2) more varieties with the CLEARFIELD 
trait for growers to choose from in 2001: 
Pioneer 44C73 is an earlier flowering variety than 44C71 and similar to Karoo.  It has shown a 
consistent oil yield advantage over other early-mid season herbicide tolerant varieties in Western 
Australia proven across two (2) years [Table 1].  In addition, 44C73 offers growers better blackleg 
resistance and harvestability than the benchmark variety, Karoo.  Limited seed quantity will be 
available in the 2001 season. 
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10 locations in WA 
(1999 and 2000 season) 
Yield Oil 
$/ha (@ 
$300/tonne) 
$/ha 
advantage of 
44C73 
Karoo 0.759 t/ha 40.20% $227.70 $98.17 
Pioneer® 44C73 1.040 t/ha 43.11% $326.55 
Source:  2000 Pioneer PAT and Research trials. 
Pioneer 46C74 offers more choice for the high to very high rainfall zones.  It offers excellent seedling 
vigour to help growers with early weed competition, better blackleg resistance, higher oil and similar 
yield to Pinnacle TT canola [Table 2]. 
3 locations in WA 
(2000 season) 
Yield Oil 
$/ha (@ 
$300/tonne) 
$/ha 
advantage of 
46C74 
Oscar 0.903 t/ha N/A $270.80 $64.30 
Surpass 600 0.812 t/ha N/A $243.60 $91.50 
Pioneer® 46C74 1.117 t/ha N/A $335.10  
Source:  2000 AGWEST S2 Interstate trials. 
Pioneer canola varieties with the CLEARFIELD trait were developed through traditional breeding 
methods.and have consistently shown 'zero' levels of erucic acid in the harvested grain that met 
international standards for canola quality.  Hence they avoid the potential requirements for grain 
segregation or risk to market access of transgenic HT varieties under development or current TT 
benchmark varieties Karoo and Pinnacle in WA, respectively. 
KEY DEVELOPMENTS IN THE FUTURE 
Pioneer's on-going commitment to develop and test in WA will continue to provide improved 
conventional and HT canola varieties with more choice for growers. 
The leader product profile over the next decade will encompass new value added opportunities for 
speciality and commodity grain end use as well as adding grower benefits for improved production and 
sustainability. 
Key traits under development by Pioneer's canola program that will benefit growers and the canola 
industry in Western Australia include very high oil yield potential, full product line for maturities, 
multi-disease resistance including new sources of high blackleg resistance, insect resistance, 
introduction of Roundup Ready canola, shattering resistance, semi-dwarf hybrids and the 
commercialisation of canola-quality Brassica juncea for marginal growing areas. 
CONCLUSION 
It all adds up to Technology That Yields®. 
KEY WORDS 
herbicide tolerant, canola, options 
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IT v’s TT  –  Head to head  
Paul Carmody, AGWEST, Centre for Cropping Systems, Northam 
KEY MESSAGE 
IT canola is a lower risk option for canola growers in the high rainfall areas of WA in 2001 given its 
high technology costs.  Growers in the grainbelt need to consider the risk of a poor season, cash flow 
and their levels of Group B resistance on their farms before choosing IT canola lines.  The 
comparative gross margin performance of the best of Pioneer line to the best TT variety at two sites 
ranged from $49 benefit (Avondale) to $9 discount (Katanning). 
INTRODUCTION 
No previous work has been done on the comparison of the two Herbicide Resistant (HR) canola 
packages; Triazine and Clearfield system (imidazolinone).  The Clearfield system is sold as a 
package of seed and herbicide to growers and does not suffer the yield penalty of the triazine tolerant 
canola varieties.  The cost of the two systems needs to be compared and relative performance of the 
varieties under their own system. 
To determine the benefits of Clearfield package (BASF) over the existing Triazine Tolerant (TT) 
canola package in terms of variety performance under similar weed regimes. 
METHODS 
In 2000 three trials were established within the Crop variety testing program; Wongan Hills, Avondale 
and Katanning of a split plot design so that each herbicide resistant type could be treated according to 
its package requirements. 
Clearfield varieties 
44C71 
44C73 (NS3752)  -  quicker than 44C71 
NS3094  -  Rainbow maturity 
46C74 (NS03729)  -  Quicker than Pinnacle 
NS3092  -  Oscar maturity 
Triazine Tolerant varieties 
Bugle 
Pinnacle 
Karoo 
Surpass 600TT 
TM 8 
Clancy 
Sown with 80 kg/ha of Agras and topdressed with 100 kg/ha of urea at 4 to 6 weeks after sowing.  On 
Duty was applied according to the Best Practice Management Manual of the Clearfield System 
and only on the Clearfield varieties.  On Duty @ 40 g/ha at the 2 true leaf stage of the crop in 
50 L/ha of water plus Hasten.  Atrazine was applied with the Sprayseed or Roundup at 2 L/ha with a 
follow up application at 4 weeks, 1 L/ha plus 2% oil on the TT canola plots only.  The whole site at 
Avondale was mistakenly sprayed with atriazine at the start and was re-sown on 7/0700.  Weed 
counts were made at the Avondale site, Wongan Hills was relative weed free because of the dry 
conditions.   
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RESULTS 
Table 1. Canola and ryegrass density of 00AD62 on 5 September 2000 
Type Lines Canola plants/m2 Ryegrass plants/m2 
IMI 44C71 90 33 
IMI 44C73 76 41 
IMI NS3094 93 70 
IMI 46C74 93 90 
IMI NS3092 75 91 
TT BUGLE 67 62 
TT PINNACLE 91 61 
TT KAROO 82 66 
TT SURP-TT600 67 65 
TT TM 8 60 91 
TT CLANCY 69 80 
Mean IMI 85 65 
Mean TT 80 71 
LSD .005  10.09 21.00 
The observation made at Avondale indicated no significant difference in the weed control spectrum of 
the two packages (Table 1).  The ryegrass number were lower in the triazine treatments compared to 
the imidazolinone treated plots.  The higher number of canola plant in the imidazolinone plots may 
reflect their increased vigour even with the lower seeding rate of 4 kg/ha recommended by the 
CLEARFIELD packages.  
At Katanning the water weeds in the CLEARFIELD treatments were very high and some capeweed 
was present but no data was collected other than a visual record. 
Table 2. A summary of the average yield and oil results for Avondale (00AD62) and Katanning 
(00KA72) trials 
 
Variety 
 
Package 
00AD62 
% Karoo 
yield 
Sown 7 July 
Oil @ 8.5% mc 
00GS72 
% Karoo 
yield 
Sown 6 June 
Oil @ 8.5% mc 
44C73 Clearfield system 128 39.2 126 39.0 
44C71 Clearfield system 71 40.1 105 39.5 
46C74 Clearfield system 84b 40.4 93 36.5 
NSO 3092 Clearfield system 97 40.9 78 40.9 
NSO 3094 Clearfield system 84 39.9 74 38.9 
TM 8 Triazine system 82 38.8 121 40.0 
Karoo Triazine system 100 37.9 100 35.2 
Pinnacle Triazine system 66 37.0 100 35.6 
Surpass 600TT Triazine system 61 39.0 97 37.7 
Clancy Triazine system 64 36.6 89 38.0 
Bugle Triazine system 62 39.2 82 38.8 
Karoo yield kg/ha  809  618  
 Mean 579  643  
 Av. SED 48  61  
 CV 9  12.7  
Varieties are ranked in order of highest yield at the west Katanning site.  
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DISCUSSION OF RESULTS 
For the purpose of this paper a gross margin analysis was done on the best performing varieties within 
each Package at each site.  The following assumptions are made: 
Canola price on farm $300 per tonne. 
Oil bonus/discounts base on gross price of $325/tonne. 
Triazine application cost $20/ha. 
Seed cost of triazine $20/ha. 
IT canola seed and OnDuty $61/ha cost plus GST (2001 BASF/Pioneer package price). 
All other costs are assume to be equal and the GMs are calculated base on the average treatment 
yields and oils at both sites.  Oils have been adjusted to 8.5% moisture. 
Table 3. Summary of gross margins comparison for the two sites in 2000 
 
Est. cost/ha 
Package 
cost 
Oil discount Yield kg/ha 
Gross 
return/ha 
Est return 
IT 
advantage 
Katanning    00GS72 
Best IT $170.00 $67.10 $23 0.78 $234 -$26 -$9 
Best TT $170.00 $40.00 $10 0.68 $203 -$17  
Avondale    00AD62 
Best IT $170.00 $67.10 $23 1.04 $311 $50.81 $49 
Best TT $170.00 $40.00 $31 0.81 $243 $2  
Although it is not fair to compare the two site which experience very different seasons; poor finish at 
Katanning made Avondale look more profitable despite the late sowing, Avondale has shown that the 
best of the imidazolinone variety would have been the right decision in this year.  The imidazolinone 
resistant (IT) varieties are obtained by mutagenesis treatments and suffer no penalties to their 
photosynthetic pathway that the triazine resistant varieties do.  They have better vigor than the TT 
varieties and this may explain how they even out perform the best TT variety with the late sowing 
despite being later in flowering. 
Unfortunately Pacific seed lines were not available for sowing in these trials. 
CONCLUSION 
Even in a very difficult season these trial have shown the imidazolinone lines are still worth 
considering even with a package entry price of $61 per hectare.  Weed control by the CLEARFIELD 
system is very good in terms of radish, however the control of waterweeds and capeweed to a lesser 
extent could leave them at a slight disadvantage to TT canola in the immediate future.  44C73 appears 
to be the best performing Pioneer line tested which out yielding all other varieties by over 25%.  This 
has meant that even in a low yielding year, many CLEARFIELD lines will have a place in the system 
where Group B resistant radish is not a problem. 
The oil content of the IT canola was on average better by 1 to 2 % than the TT lines.  This difference 
would increase if sowing date became earlier. 
The rotation management of the Group B herbicides needs to be considered, ensuring no Group B’s 
are used in two consecutive seasons.  For growers in the WA grainbelt entry cost (despite not having 
to pay for the seed until harvest in 2001) mean a high outlay and a high risk despite the 
CLEARFIELD obvious advantages.  The variability of the trial at Wongan Hills was disappointing as 
were many of the canola trial during 2000. 
According to Crop Variety Testing result in the southern medium rainfall for 2000, 44C73 had out 
yielded Karoo by over 50%.  These result compare TT and IT varieties without herbicide treatments 
and may demonstrate the importance of triazines to the yield of TT varieties.  Without herbicide 
(atrazine) the TT lines are more susceptible to weed competition due to their poor early vigour. 
 20 
Package trials comparing HR canola varieties package need to be carefully managed and more CVT’s 
sites evaluated on this basis if we are going to have true meaning from variety evaluation trials. 
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Effect of stubble, seeding technique and seed size 
on crop establishment and yield of canola 
Rafiul Alam, Glen Riethmuller and Greg Hamilton, Agriculture Western Australia 
KEY MESSAGE 
Large seed is more reliable than normal seed for crop establishment and yield of canola.  
AIM 
Low plant density (< 60 plants/m2), patchy establishment and/or uneven crop growth were recorded in 
98% of the canola paddocks in a recent establishment survey across the Northern and Central 
Agricultural Regions.  At seeding time, some seeds may fall into deeper and some may be trapped at 
shallower depths or soil surface depending on the crop residues, furrow opener, seed covering device, 
seed-bed conditions, sowing methods and seed size used.  A series of field trials was undertaken to 
investigate the effect of stubble, seeding technique and seed size on crop establishment and yield of 
canola.  
METHOD 
An experiment was conducted with six seeding techniques with and without wheat stubble of previous 
crop at five sites (Table 1) in Northern Agricultural Region.  The six seeding techniques were:  
(i) Narrow Point (NP; 50 mm wide; inverted T-shape), Press Wheel (PW; soft centred, 80 mm wide, 
chamfered ‘V’, set at 2 kg/cm press wheel width), Large seed (> 1.7 mm);  (ii) NP, PW, Normal seed 
(ungraded);  (iii) NP placing the fertiliser, seed tube attached directly in front of the PW followed by a 
finger tine to move some loose soil over the seed, Normal seed;  (iv) NP, Loxton Rotary Harrow (LRH), 
Normal seed;  (v) Full-cut Point (FP; 180 mm wide steel points), LRH, Normal seed; and  (vi) FP, Seed 
top dressed in between the points and LRH, Normal seed.  For the normal and large seeds, same 
number of Karoo seeds per m2 were sown directly.  The row spacing was 22 cm.  The fertiliser banded 
about 3 cm below the seed. 
Table 1. Five sites with soil type, soil moisture condition at seeding time, fertiliser and sowing date 
Site Soil type 
Soil moisture condition at  
seeding time 
Fertiliser (rate per 
hectare) 
Seeding 
date 
Maya Sand Top 7 cm dry, moist below 
Agrich plus Impact-in-
Furrow (80 kg) 
4.5.00 
Erregulla Sand Top 4 cm dry, moist below 3.5.00 
Ogilvie-S Sand Top soil getting dry, moist below 2.5.00 
Ogilvie-LS Loamy sand Just moist 2.5.00 
Mingenew Loamy sand Moist soil Agras No. 1 (120 kg) 15.6.00 
RESULTS 
Effect of stubble 
There was no effect of stubble on grain yield and oil content.  The stubble effect was statistically 
significant for seedling number/m2 at Mingenew (Table 2).  At this site, stubble was very long (40 to 
55 cm) and some stubble were dragged off the trial site on the stubble retained treatment at the time 
of seeding.  In this season, wheat leachate might have leached out through the sandy and loamy sand 
soils before seeding due to summer rain or might have been less due to the dry period during the 
seedling growth.  
Effect of seeding technique 
The seeding techniques significantly influenced:  (i) the seedling number at all five sites;  (ii) grain yield 
at four sites; and  (iii) oil content at two sites (Table 3).  Among the seeding techniques investigated, 
the narrow point, press wheels was the best, regardless of the seed size.  Compared to full cut points, 
the narrow points disturbed less soil and consequently soil moisture evaporation was probably less 
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and produced a better seedbed.  Compared to other seed covering techniques, the press wheels 
seemed to cover the seed better, improve seed-soil contact and harvest more rainwater.  
Table 2. Mean seedling number/m2, grain yield (kg/ha) and % oil over the six seeding techniques for 
stubble retained and stubble raked treatments at the five sites 
Variable Stubble Maya Erregulla Ogilvie-S Ogilvie-LS Mingenew 
Seedling no./m2 Retained 20.6 32.3 56.3 51.5 89.3 a 
Raked 19.0 40.1 59.9 50.8 81.0 b 
Grain yield (kg/ha) Retained 1722 1635 1852 1407 727 
Raked 1636 1725 1842 1514 675 
% Oil  Retained 42.0 37.0 40.5 40.6 34.2 
Raked 42.1 37.7 40.8 41.2 34.0 
Data followed by same letter are not significantly different. 
Effect of seed size 
Using the narrow point, press wheel seeding technique, the large seed produced a higher seedling 
number at four sites, higher grain yield at four sites and higher oil content at three sites than the 
normal seed (Table 3).  Probably, small seeds of the normal seed supplied less food to seedling in a 
dry situation or ran out of its reserve during upward penetration of its seedling from a deeper position. 
Interaction effect of stubble and seeding technique 
Stubble interacted significantly with the seeding technique at the Erregulla site for the seedling number 
(data not presented).  The narrow point, press wheel, large seed seeding technique with stubble raked 
treatment produced the highest seedling number/m2 (89.3).  At this site, long melon vines blocked the 
seeder on few occasions at seeding time. 
Table 3. Mean seedling number/m2, grain yield (kg/ha) and  % oil over stubble retained and stubble 
raked treatments for six seeding techniques at the five sites 
Seeding technique Maya Erregulla Ogilvie-S Ogilvie-LS Mingenew 
Seedling number/m2 
NP, PW, large seed  38.8 a 74.8 a 71.0 a 60.6 ab 98.7 a 
NP, PW 37.7 a 61.5 b 68.2 a 65.3 a 87.6 bc 
NP, LRH 17.8 b 19.7 c 64.0 ab 58.3 ab 81.9 c 
NP, Seed pressing  13.5 b 22.5 c 60.4 ab 52.0 b 91.3 ab 
FC, LRH 7.2 c 26.3 c 56.1 b 35.5 c 72.0 d 
FC, Top dressed 3.8 c 12.2 d 29.0 c 34.8 c 79.4 cd 
Grain yield (kg/ha) 
NP, PW, large seed  1984 a 2015 a 1878 a 1563 a 724 
NP, PW 1979 a 1911 a 1941 a 1474 a 718 
NP, LRH 1787 b 1576 b 1907 a 1552 a 705 
NP, Seed pressing  1640 c 1536 b 1878 a 1550 a 716 
FC, LRH 1412 d 1649 b 1846 a 1356 b 693 
FC, Top dressed 1270 e 1392 c 1633 b 1269 b 651 
% Oil 
NP, PW, large seed  42.3 a 38.2 40.7 41.1 a 34.0 
NP, PW 42.4 a 37.8 40.8 41.0 ab 34.1 
NP, LRH 42.1 ab 37.3 40.7 41.1 a 34.2 
NP, Seed pressing  41.9 bc 36.8 40.8 41.4 a 34.0 
FC, LRH 41.8 c 37.3 40.3 40.4 bc 34.5 
FC, Top dressed 41.6 d 36.9 40.8 40.5 c 33.8 
For each character, data followed by same letter are not significantly different in each column. 
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At Mingenew, improved crop establishment and reduced grain yield may have been due to sufficient 
soil moisture at seeding time and the late sowing, respectively.  At harvest, a few branches of some 
plants in the plots were green at Erregulla and Mingenew.  Harvesting may have been done a few 
days earlier than the optimum time, which may be the reason for the reduced oil content at these sites. 
CONCLUSION 
Previous wheat crop stubble did not influence crop establishment and grain yield in the season 2000.  
The narrow point, press wheel was the best among the seeding techniques investigated, which will be 
investigated with popular and advanced seeding techniques and possibly with an increased number of 
stubble treatments.  Using the narrow point, press wheel seeding technique, the large seed produced 
a higher number of seedlings and higher grain yields at four of the five sites than the normal seed. 
GRDC Project No.: DAW 625 WR 
Paper reviewed by: The authors 
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Canola establishment survey 2000 
Rafiul Alam, Paul Carmody, Greg Hamilton and Adrian Cox, Agriculture Western 
Australia 
KEY MESSAGE 
Low soil moisture during seedling growth, fertiliser application with the seed, wheat crop residues, 
inappropriate seeding machinery, seed size and grower retained seed are possible reasons for the 
poor crop establishment in the season 2000. 
AIM  
Poor crop establishment has been a key barrier to successful expansion of canola industry, 
particularly in sand-plain farming systems in the Northern Agricultural Region (NAR) of WA.  Canola 
growers are compensating the poor and variable crop establishment by re-seeding and by increasing 
the seeding rate.  The Grain Pool of WA has estimated that 5% of the 1998 canola crop had to be 
re-sown in the NAR.  This costs at least $20/ha in inputs and around 1 t/ha yield reduction due to four 
weeks delay in seeding.  This produced an estimated revenue loss of $2.2 million from re-seeding 
canola in this region in the 1998 season.  A canola establishment survey was conducted to 
understand the crop establishment problems more clearly and to identify the key variables to be 
considered in investigating the reasons for the poor crop establishment. 
METHOD 
A Canola Establishment Survey (CES) was conducted across the Northern and Central Agricultural 
Regions of WA during July and August 2000.  Forty-five canola grower surveys covered canola crops 
in high, medium and low rainfall zones over a range of soil types.  It ranged from Bencubbin in the east 
to Binnu in the north.  The CES included questions relating to last season herbicide, soil type, seed 
conditions at seeding time, soil pH, seeding date and rate, rainfall from one month prior to one week 
after seeding, soil moisture at seeding, fertiliser used at seeding, crop residue at seeding, type of 
seeding machinery, seed source and seeding depth.  Seedling numbers/m2 were then counted in the 
paddocks. 
RESULTS 
Low plant density (less than 60 plants/m2), patchy establishment and/or uneven crop growth were 
recorded in 98% of the paddocks.  
The canola growers used a range of herbicides in the 1999 season depending on the crop and weed 
type. The paddocks were sandy (26%), loamy sand (30%), sandy loam (23%) and clay loam (21%).  
One-third of the canola growers knew the soil pH of their paddocks, which ranged from 4.3 to 5.5.  
Seedbeds were mostly smooth and furrowed and few paddocks (11%) were rough (shallow grooves 
and cloddy tilth).  Most of the canola growers sowed the seed at the rate of 4 to 8 kg/ha during April 
and May.  Rainfall or soil moisture during seedling growth was the most influential factor for 
satisfactory crop establishment but it can not be controlled.  
The following key factors identified will be considered in future research on the reasons for the poor 
crop establishment. 
Soil moisture at seeding 
The CES showed, at seeding time, the surface soil (0 to 10 cm) moisture of the majority paddocks 
(59%) was low (dry to semi-moist).  One-third of the low soil moisture paddocks received rainfall within 
one week of seeding.  The low soil moisture seeding is more likely to produce poor crop 
establishment, if rain does not occur soon after seeding.  
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Fertiliser placement at seeding time 
73% of the canola growers applied fertiliser with the seed, 16% banded, 9% applied separately and 
2% top dressed the fertiliser.  Ammonia and salt produced from the used N and P fertiliser are toxic to 
the germinating seeds.  Fertiliser placed closely with seed increases the chances of germination being 
reduced by toxicity. In dry light soil, the fertiliser toxicity affect is more likely.  
Crop residues 
Of the paddocks surveyed, wheat crop residue was present in 61%, burnt in 20% and raked in 2%, 
pasture residue was present in 9% and raked in 2%, and lupin residue was present in 7%.  Wheat 
residue leachates inhibit radicle growth of canola seedlings but the advantage of crop residues is 
greatest in dry environments (e.g. NAR) because of water conservation, reduced wind and water 
erosion and reduced sand blasting of the young seedlings.  
Seeding machinery 
Canola growers are using a range of furrow openers and seed covering devices.  The majority of 
canola growers used tine (86%) as the furrow opener.  Among the tines, knife points were the most 
popular (56%).  Other tines were chisel, wide foot, wide points (4 inch), inverted-T or narrow points 
(2.5 inch), blade, sweep and rod.  A few growers were using disc machines.  Harrows and press 
wheels were almost equally popular with finger harrows make up most of the harrow usage.  Press 
wheels were typically narrow to medium width (about 50 to 100 mm), round and the pressure of press 
wheel was generally low to medium.  On low soil moisture planting situations particularly in sandy soil, 
press wheels appeared to have a slight advantage. 
Seed size 
Most canola growers in the survey did not know their seed size.  Small seed of a particular seed lot 
may not be able to produce seedlings under stressful planting situations like low soil moisture and 
deep sowing. 
Variety and seed source 
Karoo was the most widely cultivated canola variety (52% of the growers).  Approximately, 85% of the 
Karoo growers retained their own seed.  Generation, grain-filling environments, and harvesting time 
and method are some of the factors that can influence the seed or seedling vigour of the growers 
retained seed.  Seeds of the other varieties (e.g. Pinnacle, Bugle, Hylite, Surpass and PAC 150) were 
mostly first generation and commercial, and were dressed by Rovral.  Dressed seeds can stick to each 
other in damp conditions, and block the seed tube. 
Sowing depth 
The majority of the canola growers (78%) sowed the canola seed between 3 to 20 mm deep.  In the 
UK, large seed (> 2.0 mm diameter) improved crop establishment from depths deeper than 30 mm. 
Germination percentage 
44% of the canola growers knew the germination percentage of their seed.  However, germination 
percentage is not a good indicator to predict subsequent plant population in the field. 
CONCLUSION 
Low plant density (less than 60 plants/m2), patchy establishment and/or uneven crop growth were 
recorded in 98% of the canola paddocks. 
Soil moisture level, fertiliser application at seeding, crop residue management, seeding machinery, 
seed size, seed source, sowing depth and seed vigour testing were identified as the key variables and 
will be considered in this project future research on the reasons for the poor canola establishment. 
GRDC Project No.: DAW 625 WR 
Paper reviewed by: Glen Riethmuller 
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Tramline farming for more canola 
Paul Blackwell, Agriculture Western Australia, Geraldton 
KEY MESSAGE 
Sandplain canola after three years of Tramline Farming (TLF) can provide 110 kg/ha better yield, even 
in a very poor seasonal finish.  This resulted in an improved gross margin of either $30 or 41/ha 
depending on the quality improvement.  Such improvements of gross margin are 36-50% of the normal 
gross margin.  This is relatively encouraging for canola on the sandplain, considering there was a poor 
seasonal finish and the yields and perhaps yield benefits would be larger in better growing seasons.  
Individual in-crop wheelings reduced yield by up to about 60% and oil content by up to 4%. 
METHODS AND AGRONOMY 
This is part of trial work to evaluate the financial benefits of TLF, including improvements to gross 
margins for wheat and lupin production, as well as better ways of controlling weeds in lupins.  This trial 
aimed to measure long term benefits for canola and assess the effects of normal wheelings on canola 
growth, yield and quality.  The TLF system used a 9 m wide seeder, 28 m wide sprayer and 2 m track. 
The paddock history was:  1997 ripped, wheat; 1998 lupins; 1999 wheat.  The crop was sown on 
18 April, dry, and 12 mm of rain fell in the next week.  We sowed 10 kg/ha of Karoo on 280 mm rows 
with knifepoints and presswheels.  The fertiliser used was 100 kg/ha of superphosphate and 50 kg/ha 
muriate of potash pre-seeding then 100 kg/ha of Agrich at seeding and 120 kg/ha of urea on 19 June.  
The pesticides were:  pre-seeding.  2 L/ha Atrazine; 10 July; 1 L/ha Atrazine, 100 mL/ha Select and 
225 mL/ha Shogun.  The crop was swathed on 5 October and harvested on 26 October.  The site was 
about 20 ha with 7 ha in each treatment and covariate analysis to remove site fertility trends.  Six 
replicates were analysed with Genstat for Windows vers. 5.0. 
SYSTEM EFFECTS ON CROP YIELD AND QUALITY 
Tramline farming for 4 years resulted in a yield benefit of 110 kg/ha (P < 0.1) compared to the normal 
farm traffic for 4 years after deep ripping (Table 1).  The error in the grain quality measurement is too 
large to be confident of the differences.  If it is a real difference, then there is a benefit of $41/ha GM. 
Table 1. Establishment, yield and quality of canola from normal traffic or tramline farming (TLF) 
System 
Plants 
(/m2) 
Yield 
(t/ha) 
Oil 
(%) 
Admix 
(g) 
Dmgd 
(g) 
Grade Gross margin 
($/ha) 
Normal Traffic (NT) 92 0.945 37.3 2.7 1.9 S2 83 
TLF from 1997 78 1.055 38.7 1.2 2.5 S1 124 
TLF from 1999 84 0.941    benefit 41 
LSD (5%) 18 0.127 3.1 1.1 3.5 NT 
costs 
$157/ha 
LSD (10%) 15 0.105 2.0   TLF 
costs 
$155/ha 
If the quality difference is not real there is a benefit of $30/ha GM (a 36% increase).  The value of the 
grain was $254/t for S2 and $264.5/t for S1.  The calculated input costs are in Table 1 ($5/ha for 
spraying or spreading and $15/ha for seeding, harvesting and swathing, as well as 3-4% overlap). 
WHEELING EFFECTS ON CROP YIELD AND QUALITY 
Hand harvesting of paired wheeled and unwheeled samples on two transects were used to calculate 
the proportional effect of wheeling (Figure 1).  Sown tramlines had 43% yield reduction, but were 
better than the bare wheeled tramlines with no yield and no compensatory yield from the edge rows.  
Wheelings from previous years showed up as broad green strips in the paddock during flowering.  
Compaction delayed growth and the onset of flowering.  These previous wheelings reduced yield by 
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40%.  Most yield was lost in wheelings from early in-crop spraying (~ 60%).  Oil content generally 
followed yield and the early in-crop spraying resulted in 4% loss of oil compared to unwheeled crop.  
Figure 1. The effect of in-crop and previous wheelings on yield and oil content of canola in the normal 
and TLF traffic systems.  The LSD values are shown as a bar or line. 
 
 
 
 
 
 
 
 
 
 
 
 
CONCLUSIONS 
Useful gross margin benefits are available from growing canola on sandplain with Tramline Farming, 
even in a poor season. 
Previous wheelings have a large influence on yield and are best controlled by maintaining TLF from 
the year of deep ripping. 
ACKNOWLEDGMENTS 
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GRDC Project No.: DAW 505 
Paper reviewed by: Andrew Sandison 
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Comparing the phosphorus requirement of canola 
and wheat in WA 
M.D.A. Bolland and M.J. Baker, Agriculture Western Australia, Bunbury and South 
Perth 
SUMMARY 
Yield increases of canola (rape, Brassica napus) and wheat (Triticum aestivum) to applications of 
phosphorus (P), as single superphosphate, was measured in four field experiments in WA.  The P was 
placed (drilled) with the seed while sowing 4 cm deep.  The P requirements of the species were 
determined from the amount of P required to produce 90% of the maximum yield of each species.  
Canola consistently required less P than wheat, from about 50 to 55% less for dried shoots, and 30 to 
60% less P for seed (grain).  For each amount of P applied, the P concentration in shoots or grain was 
consistently larger for canola than wheat indicating that canola roots were better able than wheat at 
accessing P from the soil.  Previous research in Europe has shown that rape plants have abundant 
root hairs, and under P deficiency, the species increases the density and length of root hairs and so 
explores a greater volume of soil to intercept and take up soil P.  Also under P deficiency, rape 
acidifies the rhizosphere just behind the root tip, which increases dissolution of insoluble P present in 
the soil thereby increasing P uptake by the plants.  It is concluded that canola needs about 50% less P 
than wheat for grain production. 
INTRODUCTION 
Regular applications of fertiliser P are required for profitable grain production of crops in WA.  The P 
requirement of wheat, the major crop in WA, has been determined in many field experiments over 
many years for most soil types in WA.  Consequently, the P requirements of new crop species, such 
as canola, are compared with the P requirement of wheat.  In this fashion, the fertiliser P required for 
profitable canola grain production can be estimated relative to wheat.  The fertiliser P requirement of 
canola in WA are not known, and has been assumed to be similar to the P requirements of wheat.  
The 4 field experiments reported here were undertaken to test whether this was so. 
MATERIALS AND METHODS 
Experiments.  All 4 experiments were on P deficient lateritic ironstone gravel sands, 3 being near 
Pingrup and the other at West Dale.  The experiments comprised completely randomised blocks of 2 
plant species (canola and wheat; cultivars are listed in the Table) and 10 amounts of P at the 3 
Pingrup experiments (0, 5, 10, 15, 20, 25, 30, 40, 60 and 80 kg P/ha) and 8 amounts of P at West 
Dale (0, 5, 9, 14, 18, 27, 36 and 55 kg P/ha).  There were 3 replications.  Granulated, commercial 
single superphosphate (9.1% total P) was used at the 4 sites.  The P was placed (drilled) with the 
seed of both species while sowing 4 cm deep.  Plots were 1.44 m wide and 30 m long.  Eight rows of 
seed, 18 cm apart, were sown down each plot.  Canola was sown at 7 kg/ha and wheat at 60 kg/ha.  
Basal fertilisers were applied to ensure that P was the only nutrient element to limit yield. 
Measurements.  Yields of dried shoots were measured by cutting plants at ground level within 5 
random quadrats per plot (1 m by 4 rows, using the middle 6 rows).  The shoots from each plot were 
bulked and dried at 70oC before weighing.  Grain yields were measured by machine harvesting grain 
from the middle 6 rows of each plot and weighing the grain. 
The P concentration in dried shoots and grain were measured by digesting ground plant material in 
sulphuric acid and hydrogen peroxide, and the concentration of P in the digest was measured 
colorimetrically by the molybdovanadate P method. 
Analysis of data.  Data for the relationship between yield and the amount of P applied were fitted to a 
Mitscherlich equation: 
y = a – b exponential (-cx) 
where y is the yield (kg/ha), x is the amount of P applied (kg P/ha), and a, b and c are coefficients.  
Coefficient a estimates the asymptote or maximum yield plateau (kg/ha).  Coefficient b estimates the 
difference between the asymptote and the intercept on the yield (y) axis at x = 0, and so estimates the 
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maximum yield increase (response) to added P (kg/ha).  Coefficient c (ha/kg P) describes the shape of 
the relationship and governs the rate at which y (the yield response) increases as x (the amount of P 
applied) increases.  The amount of P required to produce 90% of the maximum yield of each species 
was calculated from the fitted equation (PR values in the Table). 
RESULTS 
Table 1. Value of the c coefficient of the Mitscherlich equation, and the amount of P required to 
produce 90% of the maximum yield of each species (P required or PR values) 
Tissue and species c (x 103) PR 
Experiment 1, Pingrup 1994   
Shoots, 16 September 1994   
Canola (cv. Rainbow) 109 22 
Wheat (cv. Aroona) 51 44 
Grain, 16 November 1994   
Canola (cv. Rainbow) 88 26 
Wheat (cv. Aroona) 38 62 
Experiment 2, Pingrup, 1995   
Grain, 15 November 1995   
Canola (cv. Narendra) 42 56 
Wheat (cv. Aroona) 29 81 
Experiment 3, Pingrup 1994   
Shoots, 16 September 1994   
Canola (cv. Rainbow) 129 11 
Wheat (cv. Aroona) 67 24 
Grain, 16 November 1994   
Canola (cv. Rainbow) 126 12 
Wheat (cv. Aroona) 67 24 
Experiment 4, West Dale 1995   
Shoots, 8 August 1995   
Canola (cv. Oscar) 56 36 
Wheat (cv. Aroona) 26 80 
Grain, 22 November 1995   
Canola (cv. Oscar) 51 30 
Wheat (cv. Aroona) 37 43 
The larger the value of the c coefficient of the Mitscherlich equation, so the more rapidly the yield 
response curve to added P approaches the maximum yield plateau as the amount of P applied 
increases.  Therefore, less P is required to produce 90% of the maximum yield (PR value is smaller) 
as the value of c increases.  From the Table it can be seen that for each site the value of the c 
coefficient was always larger for canola than wheat for either shoots or grain, and so the PR values 
were always smaller for canola than wheat.  Therefore canola required less P than wheat to achieve 
the same percentage of the maximum (relative) yield of each species. 
For each amount of P applied, the concentration of P measured in shoots or grain was always larger 
for canola than wheat. 
Complete details of the experiments are in the following paper: 
Bolland, M.D.A. (1997).  Comparative phosphorus requirement of canola and wheat.  Journal of Plant 
Nutrition 20, 813-829. 
Paper reviewed by: Ross Brennan 
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Will a rainy summer affect nitrogen requirement:   
Tailoring your fertiliser decisions using the new 
nitrogen calculator 
A.J. Diggle, Agriculture Western Australia, South Perth 
THE NEW NITROGEN CALCULATOR 
A new nitrogen calculator has been developed.  It needs further testing and feedback from users 
before it will be generally released, but it works now and this is its first public exposure.  The new 
calculator is based on the same logic as the existing printed TopCrop West Nitrogen Calculator.  It is 
like the existing calculator except that it: 
• runs on a computer; 
• works for canola and barley as well as for wheat; 
• allows up to 3 additions of different nitrogen fertilisers and predicts their effects on yield and 
quality; 
• includes four years of cropping history instead of one; 
• includes pre and post-season rainfall to account for early mineralisation and leaching; 
• compares any two situations side by side so that it is easy to answer “What if ...?” questions; 
• includes detailed information about nitrogen processes if desired. 
This calculator accounts for all of the major factors that affect nitrogen nutrition of crops.  It is designed 
to allow tailoring of nitrogen fertiliser requirements to individual situations. 
WHAT ABOUT A RAINY SUMMER 
Some parts of the wheatbelt have already had rain this summer and there is a fair chance of more.  
What does this mean for fertiliser requirements for the coming season?  Wet topsoil in the summer 
and autumn will stimulate breakdown of organic nitrogen from the soil and crop residues.  More 
breakdown means that less nitrogen will be needed following a wet summer/autumn, but how much 
less?  The calculator has been used to explore this question and other options for using nitrogen 
fertiliser, using information supplied by a Mingenew farmer located on yellow sandplain soil.  
The information used in the calculations is shown in the following table: 
N non-limiting potential yield for wheat 3 t/ha Yield of lupins, 2000 1.35 t/ha 
N non-limiting potential yield for canola 1.5 t/ha Yield of lupins, 1999 2.7 t/ha 
  Yield of lupins, 1998 2.4 t/ha 
Soil organic Carbon 0.8% Yield of lupins, 1997 2.3 t/ha 
Gravel content 0% Yield of wheat, 2000 2.25 t/ha 
  Yield of wheat, 1999 2.5 t/ha 
Yield relative to top growth for lupin (all years) Average Yield of wheat, 1998 3.25 t/ha 
  Yield of wheat, 1997 2.8 t/ha 
For a wheat crop planted in 2001 following 4 years of wheat-lupin rotation, a typical nitrogen fertiliser 
strategy might be 15 kg N/ha as DAP (83 kg DAP/ha) at seeding and 40 kg N/ha as urea (87 kg 
urea/ha) four weeks after seeding.  If there is dry summer/autumn leading up to the break and an 
average amount of rain early in the growing season the calculator predicts an actual wheat yield of 
2.78 t/ha at 11.1% protein.  For a wet summer/autumn period on the other hand, with everything else 
the same, the calculator predicts a wheat yield of 2.94 t/ha with 11.9% protein.  In the wet 
summer/autumn scenario reducing the rate of urea nitrogen to 16 kg N/ha (35 kg urea/ha) gives the 
same result as for a dry summer/autumn.  So the rainy summer has saved 24 kg of urea N/ha (52 kg 
of urea/ha), or if the fertiliser rate stays the same it has increased wheat yield by 160 kg/ha and 
increased protein by 0.8%. 
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Canola versus wheat? 
What do the figures look like for canola following lupin-wheat-lupin-wheat?  For a dry summer/autumn 
with 15 kg N/ha as DAP (83 kg DAP/ha) at seeding and 40 kg N/ha as urea (87 kg urea/ha) the 
calculator predicts a canola yield of 1.35 t/ha with 42.4% oil.  If the summer/autumn is wet the yield of 
canola would be 1.42 t/ha with 41.5% oil, an increase of 70 kg/ha and a 0.9% reduction in oil content.  
A reduction in the rate of urea N of 22 kg N/ha (48 kg urea/ha) to 18 kg N/ha (39 kg urea/ha) following 
a wet summer/autumn would give the same result as for dry conditions before the break.  The trends 
for canola are similar to those for wheat but the reduced oil content that goes with the increased yield 
in canola makes the high rate of fertiliser following a wet summer/autumn relatively less attractive. 
What about a rainy winter? 
What would happen to nitrogen nutrition if an extra 95 mm of rain fell between 4 and 8 weeks after 
seeding?  For wheat after a dry summer/autumn as above, yield would fall to 2.64 t/ha at 10.7% 
protein, a drop of 140 kg/ha and 0.4% protein.  An extra 21 kg N/ha as urea (46 kg urea/ha) applied as 
a remedial dressing 8 weeks after seeding would restore the original yield and quality. 
For canola the extra winter rain after a dry summer/autumn would cause yield to fall 60 kg/ha to just 
under 1.3 t/ha and oil content would rise by 0.5% to 42.9%.  An extra 18 kg N/ha as urea (39 kg 
urea/ha) applied 8 weeks after seeding would replace the nitrogen that had leached. 
Other sorts of “What if ...?” questions 
The calculator allows a wide range of nitrogen fertility issues to be explored for any individual situation.   
For example: 
What if the season is worse than expected?  If the potential yield of canola was only 1 t/ha with a dry 
summer/autumn and no extra leaching rain, the actual yield would be down 370 kg/ha to 980 kg/ha, 
and the oil content would fall 1.8% to 40.6%.  If the potential yield of wheat was only 2 t/ha the actual 
yield would achieve the potential and so would be down 780 kg/ha.  The protein would be up 1.9% to 
13%. 
What if it is better than expected?  If the potential yield of canola was 2 t/ha with a dry summer/autumn 
and no extra leaching rain, the actual yield would be up 250 kg/ha to 1.6 t/ha, and the oil content 
would also rise 1.1% to 43.5%.  If the potential yield of wheat was up to 4 t/ha the actual yield would 
be up 470 kg/ha to 3.25 t/ha and the protein would fall 0.7% to 10.4%.  An extra 36 kg N/ha as urea  
(78 kg urea/ha) 4 weeks after seeding would be needed to raise the protein to 11.1% as for the 3 t/ha 
potential, and the actual yield would then be 3.7 t/ha. 
What if last years lupin crop had been better?  If the yield of last years lupins had been 2 t/ha instead 
of 1.35 t/ha it would be equivalent to adding an extra 8 kg N as urea/ha (17 kg urea/ha) 4 weeks after 
seeding. 
TESTING AND USING THE CALCULATOR 
A working prototype of the new nitrogen calculator exists.  We are looking for collaborators who would 
like to test the prototype and provide feedback on how it can be improved.  Collaborators will get 
training in how to use the prototype and will be given guidelines on the feedback that is needed.  If you 
are interested, please contact Art Diggle (AGWEST South Perth), or Bill Bowden or Tresslyn 
Walmsley (AGWEST Northam). 
We’d also like a name that is catchier than ‘The New Nitrogen Calculator’.  If you think of one, please 
let us know and you will have our eternal gratitude. 
GRDC Project No.: GRDC project UWA 267 
Paper reviewed by: Bill Bowden 
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Canola  -  More responses to lime 
Chris Gazey and Paul Carmody, AGWEST, Centre for Cropping Systems, Northam 
KEY MESSAGE 
Although canola is known to be highly responsive to lime further testing has shown yield responses 
are more likely on soils with pH < 4.5 and where lime has been applied 2 to 4 years prior to the canola.  
Responses to lime can be anticipated for up to 9 years after application. 
In 2001, plant canola on paddocks where lime has been applied previously (2 to 4 years). 
INTRODUCTION 
For the past decade in WA research into canola responses to lime have been about as exciting as 
they can get.  This paper reviews this work and reports on more recent results in 1999 and 2000.  It 
forms part of a larger project for studying lime in the system which uses both small plot trials and large 
scale demonstration sites to illustrate the benefits of lime.  Lime is a good investment. By correcting 
soil acidity it encourages better root growth and exploration.  Growers are pushing the limits of 
canola’s tolerance to low soil pH as production packages become more refined.  Canola is more 
sensitive to low pH than crops such as wheat and lupins.  However reasonable crops of 1.0 to 1.2 t/ha 
are being grown on soil with very low pH (e.g. 4.3 in 0-10 cm and 3.9 in the 10-20 cm, measured in 
Calcium Chloride).  Increasing soil acidity is a long term problem and with rising costs, canola is 
proving itself to be one of those crops which will realise your returns on investment sooner for the lime 
you apply.  But how much is this worth?  
METHODS 
During 1999 and 2000 three old lime trials were sown with canola.  One at Varley (Bruce Hill’s 
property), one at Mullewa (Desmond’s property) and a third at Buntine (Kim Diamond’s property).  All 
paddocks have been a part of a wheat-lupin-canola rotation.  In 1999 at Buntine on the large scale site 
canola was sown across three treatments of lime applied in 1996.  At Mullewa last year large plots of 
Karoo canola were sown across 1996 treatments of nil, 1 and 2 tonnes of lime.  The 1994 trial at the 
Lake Varley site was sown by the farmer in 2000 as part of the paddock and then individual plots were 
harvested using a small plot harvester.  Trials were assessed for grain weight using a weigh trailer or a 
plot harvester depending on the site.  Soil pHCaCl2 measurements have been made at all sites each 
year since each trial was established.  
RESULTS 
Yield increases in canola have been observed in most trials with lime (Table 1), regardless of the 
amount of time that the lime had been applied.  This was despite the fact that the subsurface pH was 
still quite acid.  Early growth responses were observed and these persisted during the season for all 
trials except the lime trial established in 1996 at Varley (96LG7) which also gave significant grain 
increases. 
Table 1. Canola grain yields (t/ha) for various lime trials over last three seasons 
 Trial (year lime applied) 
Lime rate (t/ha) Canola 1996 Canola 2000 Canola 1999 Canola 1997 
 94LG17 (1994) 94LG18 (1994) 96TS3 (1996)* 96NA3 (1996) 
0.0 1.29 a 1.85 a 0.74 a 1.32 a 
0.5 1.42 b 1.92 ab N/T N/T 
1.0 1.55 c 1.92 ab 0.99 b 1.46 b 
2.0 1.69 d 2.01 bc 0.86 ab 1.60 c 
4.0 1.67 d 2.11 c N/T N/T 
lsd  0.15 0.18  
Numbers in the same column with the same letter are not significantly different p < 0.05). 
N/T:  No treatment at this level of lime was made at this site. 
* Additional lime treatments of Dolomite and G-Lime were also used in trial 96LG7.  Dolomite was less effective 
than G-Lime which was less effective than Lime Sand.  However all amendments increased canola grain yield 
above the un-limed treatment.  Neutralising Values of amendments:  Lime 97% NV, Dolomite 67% NV, G lime 
100% NV.  Rates were adjusted to account for the lower NV of this product to allow for a fair comparison. 
 34 
The pH results for two of the trials are presented below (Table 2a, b) in the Narrogin trial (96NA3) 
there was an increase in soil pH below the zone of incorporation (0-10 cm).  There was also a 
significant increase in the pH in the 10-20 cm layer at Varley seven years after the lime was applied 
and there was a similar increase at Buntine four years after the lime was applied. 
Table 2a. pH measured in 0.01M CaCl2 in 1999 for 96TS3, (lime spread in 1996) 
Depth 0 (t/ha lime) 1 (t/ha lime) 2 (t/ha lime) Stats (lsd ) 5% 
  5-10 cm 4.39 5.64 6.48 0.50 
10-20 cm 4.11 4.50 4.74 0.53 
20-30 cm 4.16 4.57 4.43 0.40 
Table 2b. pH measured in 0.01M CaCl2 in 2000 for 94LG18, (t/ha lime spread in 1994) 
Depth 0 1 0 2 0 
  0-10 cm 4.52 5.17 5.21 
10-20 cm 4.17 4.44 4.60 
20-30 cm 4.68 4.74 4.78 
DISCUSSION OF RESULTS 
The above data is not a summary all the lime trials in which canola was planted.  The most recent 
applications of lime (1998) did not show a response in 2000 and this possibly due to the dry conditions 
not allowing the neutralising effect of the lime on the surface to occur. Amazingly, the Lake Grace site 
where lime was applied in 1994 continues to show the greatest responses of all the sites.  Here the pH 
ranges from 4.75 on the surface to 4.43 at depth whereas at Mullewa it ranges from 5.28 to 4.25 at 
depth and no significant response was detected there in 2000.  The Narrogin site has a more 
consistent pH down the profile around 4.70 similar range and gave a immediate response the year 
after application. 
Purely from a canola point of view the investment into lime at Varley has been highly profitable, at this 
site canola in 2000 has virtual paid for over one tonne of lime ($45/ha).  Some simple costs for lime 
are summarised in Table 3.  
Table 3. Cost of lime in the three major regions of the wheatbelt 
 Southern Central Northern 
Lime price $5.30 $5.30 $5.30 
Freight cost $34.00 $20.00 $9.00 
Spreading costs $8.00 $8.00 $8.00 
Total lime cost per tonne $47.30 $33.30 $22.30 
When evaluating lime it is important to consider the particle size, it’s neutralising value, and the grade 
of lime and therefore this table is a simplification of the true cost of lime in the different regions of WA.   
No benefit can be attribute to oil bonus.  Where oil contents have been done no significant differences 
could be detect between treatments.  In future a closer look at the effect of lime on diseases in canola, 
like blackleg or damp off diseases, could be more important (Arshad et al. 1997). 
The longer the lime has been down the better the investment looks for canola responses.  According 
to a commercial operator1, although none of their sites gave response to lime in 2000 in canola, one 
site at Wongan Hills where lime was applied 13 years ago gave a significant response in 2000. 
A more detail economic analysis of the benefits of lime in the system will be presented at the 2001 
AGWEST Crop Updates. 
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CONCLUSION 
On average canola responding to lime ranges from 0.1 to 0.26 tonnes per hectare for applications of 
1 tonne from 2 to 9 after the application has been made.  In the year canola is grown this amounts to 
$30 to $75 alone, but the benefit carries across all crops in the system.  Only a few trials have had oil 
contents measured on them and there appears to be no relationship with oil and lime at this stage.  
This work further consolidated the importance of applying lime to canola on those soils which tend 
towards more acidity (< 4.5 pH). 
While previous work suggested that in some cases you can get an almost immediate response to lime 
from canola, this is very dependant on the seasonal conditions and the baseline acidity you are 
beginning with.  
The benefits of lime for canola paddock is clear where the pH is low.  Although tight cash flows in 
2000/2001 means only the very ‘hottest’ of paddock should be considered for liming in 2001 and 
seeding these to serradella or pasture.  Canola should be grown only on those paddocks that have 
had lime 2 to 4 years ago to ensure a benefit this year.  Growers not only should be looking at these 
potential short term responses but also understand that lime has a long residual value and 
reapplication is usually only required once every five to seven years.  The other obvious benefit of 
managing acidity is the wider choice of crops available to be grown, including barley and acid sensitive 
wheat varieties, allowing for a more profitable and sustainable rotations.  
REFERENCES 
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Hormone manipulation of canola development 
Paul Carmody, AGWEST Northam and Graham Walton, South Perth 
KEY MESSAGE 
Use of plant hormone treatments to canola in broadacre is unreliable and often unpredictable. 
Better manipulation of canola could be achieved through clever agronomic management strategies. 
BACKGROUND 
The practice of hormone manipulation in horticultural Brassica spp. has been carried out for many 
years to improve the yield and quality of the product.  Height reductions and increased yields of 
broadacre rapeseed have been reported in the UK in recent times.  The advent of triazine tolerant 
canola has meant that it is possible to sow very early which produces tall, bulky crops.  However, this 
makes efficient harvesting difficult. 
Plant growth regulators, daminozide and paclobutrazol are used as foliar sprays to promote flowering 
and reduce height of fruit trees and ornamental plants.  Sulfonamide inhibits amino synthesis and 
restricts crop growth.  These chemicals are not registered for use in canola.  Chlormequat is used 
widely in the horticultural industry to regulate the development of grapes and is observed to have a 
significant effect on the height development of brassica crops.  It is registered commercially for wheat 
and Ray Harrington of Darkan prompted further investigation into the use of these products on canola. 
Field trials were conducted in 1997 and 2000 to determine if growth regulators could delay the onset 
of flowering and alter the height of canola.  
TRIAL DETAILS AND RESULTS 
A trial was conducted at Cunderdin in 1997.  A bulk area of Karoo canola sown on 7 April, had foliar 
application of sulfonamide (Eclipse), daminozide (Alar) and paclobutrazol (Cultar) at 2 to 6 g/ha, 3 and 
6 g/ha and 1 and 2 L/ha respectively.  The treatments were applied on 13 June, two weeks after 
flowering had commenced. 
Table 1. Results from Cunderdin 1997 
Treatment Dry matter % Seed yield  
Control Karoo 100 100%  
Eclipse @ 2 g/ha 93 0 Stopped growth dead! 
Eclipse @ 4 g/ha 39 0 Severely stunted 
Eclipse @ 6 g/ha 36 0 Stopped growth dead! 
Alar at @ 3 g/ha 130 130 Thinned out flowering 
Alar at 6 @ g/ha 109 124  
Cultar @ 1 L/ha 125 117 Stopped flowering 
Cultar @ 2 L 119 90  
*  Small reduction in plant height with Alar, but height not recorded from the trial. 
Cultar (paclobutrazol) gave up to a 17% yield increase even when it was applied at the advanced 
reproductive stage of the canola.  The effect on oil was not measured. 
In 2000 at 2 sites, Katanning and Darkan were established on bulk areas of early sown Pinnacle and 
sprayed with rates of chlormequat (0, 0.25 L/ha, 0.5 L/ha and 1.0 L/ha).  There were three replicates 
and the crop stage was approaching full ground cover  -  4 to 6 leaves.  Plant stage was also visual 
recorded.  
Inspection of both sites during late pod maturation showed there were no visual difference in either 
height or yield between any of the treatments which were replicated 3 times.  No harvest results were 
obtained.  Visual records of the mature crop were made. 
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CONCLUSION 
Although this work is not extensive, it does indicate a degree of unpredictability with hormone 
treatment of broadacre canola under Western Australian conditions.  The additional cost of hormone 
sprays would also make their use prohibitive in the current market situation.  The development of short 
varieties will assist farmers in a more cost effective manner than the development of hormone 
technology for canola.  Short varieties will mean lower harvesting losses and reduce costs.  Future 
research into to the use of growth regulators in canola should be based on information being 
generated elsewhere in the world before investing here. 
FURTHER READING 
Eric Armstrong and H. Nicol (1991).  Ag. J. Experimental Agric. Vol. 31, pages 245-250. 
GRDC Project No.: DAW 504; Oilseed Industry Development of WA. 
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Yield penalties with delayed sowing of canola 
Imma Farre, CSIRO Plant Industry (ifarre@ccmar.csiro.au), Michael J. Robertson, 
CSIRO Sustainable Ecosystems, Graham H. Walton, AGWEST, Senthold Asseng, 
CSIRO Plant Industry 
KEY MESSAGE 
Canola yields are highly variable in the Mediterranean climate of Western Australia.  Both yield and oil 
content decrease with delay in sowing date.  A canola growth model has been calibrated for Western 
Australian adapted cultivars and, together with long-term weather data, is a useful tool to study the 
probabilities and risks of canola yields associated with different sowing dates. 
INTRODUCTION 
Canola is becoming an important crop in farming systems in Western Australia.  Over 900,000 ha 
were grown in 1999.  Sowing date is an important determinant of yield in canola.  Decreasing yields 
with delayed sowing date have been reported in previous studies (Mendham et al. 1981; Robertson 
et al. 1999).  Sowing date depends on the onset of significant rainfall in autumn and therefore, in the 
Western Australian environment, varies considerably from year to year. In such a variable 
environment, a large number of experiments would be required to obtain the information needed to 
improve canola management.  However, field experiments are time consuming and costly.  An 
alternative option, therefore, is the use of crop simulation modelling.  A crop model, together with 
long-term weather data has been used to study yield decline and its variability in response to delay in 
sowing date. 
METHOD 
The APSIM-Canola model had been previously tested in eastern (Robertson et al. 1999) and Western 
Australia growing regions (Farre et al. 2001).  The model was used in simulation experiments with 
long-term weather data from 1900 to 1999.  Five sowing dates were established at 20 day intervals 
between 5 April and 24 June, at two contrasting locations, Kojonup (high rainfall, long season) and 
Mullewa (low rainfall, short season).  The following settings were selected for the simulations:  cultivar 
Karoo; duplex soil; 2 cm sowing depth; 80 plants/m2; 150 kg N/ha split in 2 applications.  Soil water 
content at each sowing date was estimated by the model using the soil water balance.  The soil water 
profile was re-initialised at the lower limit at 1 January of each year.  Simulations were also run for 2 
possible sowing dates for Kojonup and Mullewa using the year 2000 weather data.  The sowing dates 
for 2000 were based on a small rainfall event of about 10 mm in mid May and the real break of the 
season with more than 20 mm rainfall in mid June. 
RESULTS AND DISCUSSION 
Canola yields were highly variable because of their dependence on growing season rainfall (Figure 1).  
Delay in sowing date affected both long-term average yield and yield variability (Figure 2).  The long-
term average yields from the first to the last sowing date ranged from 2.6 to 1.9 t/ha in Kojonup and 
from 1.6 to 0.6 t/ha in Mullewa (Figure 2).  The decline in yield caused by delayed sowing was due to 
reduction in growth duration and an increased chance of a more severe water deficit during grain 
filling.  The relative long-term average yield decline, resulting from a delay in sowing date, was 4.8% 
per week for Mullewa (low rainfall location) and 2.4% per week for Kojonup (high rainfall location).  
The greater decline in yield with delayed sowing in a lower rainfall location, as compared to a higher 
rainfall location, agrees with studies by Robertson et al. (1999).  Figure 2 shows the long-term average 
yields with the upper and lower 10% percentile, indicating that the yield variability in Kojonup was 
higher for late sowings whereas in Mullewa the variability was higher for early sowings.  Simulated 
yields for the year 2000 for the two sowing dates are close to the lower 10% percentile for both 
locations, indicating the extremely poor growing conditions caused by low rainfall in the year 2000. 
Crop growth simulation together with long-term weather data offers a powerful tool with which to 
examine the risks of canola yields associated with different crop management strategies.  The model 
can be used to optimise combinations of location x cultivar x sowing date with the aim of increasing 
farming profitability.  Simulation studies enable the construction of probabilities and hence the 
calculation of risk associated with management decisions. It is impossible to achieve this with field 
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experiments limited to a few seasons.  However, the optimum sowing date also depends on the risk 
attitude of the grower. Information on probability distributions for simulation experiments allows the 
various risks to be assessed.  
In Western Australia, late sowing often results in unfavourable grain filling conditions with high 
temperatures and terminal drought.  This can reduce canola yields and depress seed oil content and 
hence crop profitability (Walton et al. 1999).  More work is required to include the simulation of seed oil 
contents in the model. 
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Figure 1. Simulated canola yields from 1950 to 1999, Mullewa, for the sowing date of 15 May 
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Figure 2. Long-term simulated average canola yields (--) with upper and lower 10%-percentile (- - -) 
for Kojonup and Mullewa for 5 sowing dates.  Predicted yields for 2 sowing opportunities in 
2000 (). 
CONCLUSION 
Large variability exists in canola yields in the Mediterranean climate of Western Australia. Canola 
yields decline with delay in sowing date.  The relative yield reduction with delay in sowing is greater for 
a low rainfall location, but the variability around the average long-term yield is larger for a high rainfall 
location.  Simulation analysis using long-term weather data can incorporate the effect of a variable 
climate and can be used to evaluate the risks in canola yields associated with different sowing dates. 
KEY WORDS 
canola, simulation model, yield, sowing date 
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Dry matter and oil accumulation in developing seeds 
of canola varieties at different sowing dates 
Ping Si1, David Turner1 and David Harris2 
1Plant Sciences, Faculty of Agriculture, The University of Western Australia, 
35 Stirling Highway, Crawley, WA 6009; 2Chemistry Centre of Western Australia, 
125 Hay St, East Perth, WA 6004 
KEY MESSAGE 
Seed yield and oil content often differ between varieties, from location to location and from year to 
year.  This experiment aimed to examine the accumulation of dry matter and oil content of two canola 
varieties (Karoo and Monty) grown at the Shenton Park Field Station and with two different sowing 
dates.  Dry weight of developing seed increased linearly until maturity for both varieties at both sowing 
dates whilst accumulation of oil content plateaued before seed maturity; at seventy days after 
flowering for the 1st sowing and at 40 days after flowering for the 2nd sowing.  There was no significant 
varietal difference in accumulation of dry matter and oil content.  Although the rate of accumulation of 
both features was more rapid for the 2nd sowing because of warmer temperatures without water stress, 
the average seed yield of the 2nd sowings was 35% lower than that of the 1st sowings and the average 
oil content of 2nd sowings was 1.5% less.  These results confirm the benefits of early sowing and assist 
determination of optimum swathing times. 
AIMS  
A viable canola industry in Western Australia depends on a consistent production of canola with high 
oil content and seed yield.  Often oil content and seed yield differ from variety to variety, from location 
to location and from year to year.  Experiments reported here aim to understand the physiological 
basis of seed development and oil accumulation of canola varieties at different sowing dates.  This 
knowledge will facilitate the development of a model to predict yield and oil content in various 
environments and the development of management strategies to maximise oil content and yield.   
MATERIALS AND METHODS  
Experiments of times of sowing were conducted at the Shenton Park Field Station in 2000.  Varieties 
of Karoo and Monty were sown at 15 May and 30 June.  Plants were irrigated to ensure they were 
water stress-free before harvest.  There were 4 replicates for each treatment.  Weeds were controlled 
by hand.  Fertilisers were applied at various stages of plant growth.  The lowest five growing pods on 
the main stem were taken at about 30 days after flowering and each sample contained more than 100 
pods.  This sampling procedure continued at weekly interval until plants matured.  We measured pod 
length and width, fresh and dry weights of pod wall and seed of the developing pods.  Oil content and 
moisture content were measured at the Chemistry Centre WA. 
RESULTS 
Plants of Monty flowered a week earlier than Karoo at both sowing dates.  Plants of 1st sowing were 
harvested at 6 November, whilst plants of 2nd sowing were harvested at 25 November.  Seed yield of 
Monty of 1st sowing was 40% higher than that of 2nd sowing, whilst Karoo of 1st sowing was 30% 
higher than that of 2nd sowing.  Pod length reached maximum and pod width near maximum when 
sampling commenced.  
Dry weight of developing seed increased linearly until maturity for both varieties at both sowing dates 
(Table 1).  There were no significant differences between varieties in dry matter accumulation of the 
developing seeds.  However, time of sowing impacted on the rate of dry matter accumulation.  For the 
1st sowing, seed dry weight of Karoo increased from 25 to 89 mg per pod over the period of 36 days.  
At about 60 days after flowering of Karoo, seed dry weight was 40% less than the final mature seed 
dry weight.  During the same period, pod wall dry weight remained steady while fresh weight of pod 
wall peaked at 60 days after flowering and then decreased afterwards.  Seed dry weights of the 2nd 
sowing of Karoo increased from 35 to 94 mg per pod over 21 days.  All plants of 2nd sowing flowered in 
September and their seed matured in November.  Seed developed much quicker under the warm 
temperature without water stress.   
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Oil accumulation of the developing seed was similar for both varieties (Table 1).  Again, time of sowing 
affected the rate of oil accumulation.  For the 1st sowing, oil concentration of Karoo increased from 
39 to 44% over 36 days.  At 70 days after flowering, oil accumulation reached a plateau.  For the 2nd 
sowing, oil concentration increased from 39 to 42% over 21 days and reached a plateau at 40 days 
after flowering.  The oil concentration of the 2nd sowing was about 1.5% less than that of the 1st 
sowing.  
Table 1. Dry matter and oil accumulation in developing seeds of canola varieties sown on 15 May 2000 
at Shenton Park Field Station 
Variety DAF 
Fresh weight (mg) Dry weight (mg) Oil 
content 
  Pod wall Seed Pod wall Seed (%) 
Karoo 46 352.5 132.3 60.4 25.5 39.0 
 54 375.1 157.0 67.9 36.7 40.9 
 60 385.1 162.6 64.9 51.7 42.0 
 68 343.7 172.2 66.5 71.7 44.0 
 75 349.2 165.9 66.9 83.9 44.3 
 82 221.1 142.3 56.5 89.2 44.0 
Monty 36 317.5 131.5 57.7 23.9 36.9 
 46 409.2 129.2 58.8 28.4 39.3 
 56 386.8 134.2 61.4 33.5 40.5 
 64 359.7 125.6 55.1 42.1 42.3 
 71 392.1 153.7 63.4 60.3 43.3 
 78 383.4 157.1 66.6 66.9 44.5 
 85 289.6 145.3 56.3 81.5 44.6 
KEY WORDS 
dry matter, oil concentration, developing seed 
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Simulating oil concentrations in canola  -  virtually 
just the beginning 
David Turner1 and Imma Farré2 
1Plant Sciences, Faculty of Agriculture, The University of Western Australia, 
35 Stirling Highway, Crawley, WA 6009;  2CSIRO Plant Industry, Centre for 
Mediterranean Agricultural Research, Private Bag 5, Wembley, WA 6913 
WHY DID WE DO THIS WORK? 
To access export markets, the industry needs canola with high oil concentrations.  In warm, short 
season environments in Western Australia, oil concentrations are often low.  They vary from year to 
year, from location to location and with management practices.  We want to know the importance of 
environmental factors and management practices that affect oil concentration in canola.  When the 
important factors and practices have been identified, we can choose cultivars and management 
strategies that will increase seed oil concentrations.  Experience and experimental data tell us that 
warm temperature and delayed flowering (sowing date) reduce seed oil concentrations.  Here we 
present a simulation of oil concentration looking at these two factors.  We sought to predict the effects 
of temperature and flowering date on oil concentrations using simple relationships between 
temperature and the rates of seed development and oil accumulation.  
HOW DID WE DO IT? 
We used data from Hocking and Mason’s 1993 paper on canola grown near Cowra, NSW.  This 
shows three phases of oil accumulation in the seeds that developed on the main stem of the 
inflorescence (Figure 1). 
In Hocking and Mason’s experiment each of these 
phases lasted about 30 days.  We then 
determined the number of growing degree days 
for each phase so that we could use the data to 
estimate seed development in any environment.  
The first two phases had about 400C days each 
with a base temperature of 0C.  We assumed the 
rate of oil accumulation would increase as 
temperature increased.  Thus, increasing 
temperature would operate in two ways:  it would 
increase the rate at which oil accumulated but 
would decrease the time taken to complete oil 
accumulation. The interaction between these two 
gives us a biological base to our model. 
We used data from an experiment conducted at York, WA, in 1999 by Agritech Research Services to 
test the model for WA conditions and to determine the coefficient that links temperature to the rate of 
oil accumulation. 
Graham Walton, AGWEST, kindly supplied us with data showing the effect of sowing date on oil 
concentration in experiments conducted at Mullewa, Wongan Hills and Mount Barker.  These data 
include a number of different cultivars at each site and the sites represent a range of temperature 
conditions.  Using the APSIM model we then calculated the oil concentrations at each of these sites 
and compared them with the measured values. 
WHAT DID WE DISCOVER? 
Our simple model gave a good estimation of the oil concentration when the data from all three sites 
were bulked (Figure 2).  Overall, a delay of 10 days in sowing reduced oil concentration by 0.6%. 
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When we examined the three sites individually, the best agreement between observed and simulated 
oil concentration occurred at Mullewa. At Wongan Hills and Mount Barker the agreement was 
excellent for the early sowing dates but the simulation diverged from the measured values at later 
sowing dates. 
WHAT DO WE CONCLUDE? 
We are pleased with the ability of a simple model to give the overall patterns of oil concentration with 
location and sowing date.  Therefore, we conclude that this approach is worthwhile.  In future we 
would like to evaluate the importance of other environmental factors, for example rainfall, and 
management practices, for example N application, on oil concentrations.  When we have confidence in 
our simulations, we can evaluate the economic importance of environmental factors and management 
practices (including cultivars) in any location. 
KEY WORDS 
canola, oil, simulation, model 
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Further evidence that canola crops are resilient to 
damage by aphids 
Françoise Berlandier and Christiaan Valentine, Entomology, AGWEST, South 
Perth 
SUMMARY 
• Aphid feeding damage did not reduce canola yields (machine harvested).  Average machine 
harvested yields were 0.94 t/ha. 
• Infestations of aphids were found when plants were 8 weeks old, and persisted for at least 5 
more weeks, but did not lower oilseed yields.  
• Unlike previous years, turnip aphid (Lipaphis erysimi), was not the most abundant aphid species 
found in 1999.  Instead, cabbage aphid (Brevicoryne brassicae) was prevalent. Both these 
species are easily controlled by the range of registered chemicals available.  
BACKGROUND AND AIM 
The development of heavy aphid infestations on canola crops rarely causes economic losses.  Two 
reasons are suggested to explain the lack of damage:  (1) canola is able to compensate for aphid 
damage as it grows very rapidly from bolting onwards; and  (2) the two aphid species most commonly 
found colonising canola, turnip aphid (Lipaphis erysimi) and cabbage aphid (Brevicoryne brassicae), 
tend to form dense colonies on individual racemes (stems).  These colonies will move onto another 
raceme only when the first raceme is virtually dead.  As a small portion of racemes per plant are 
attacked at any one time, this allows the other racemes to produce flowers then pods unhindered.  The 
aim of the trial described here was to measure the effect of aphid control by a single insecticide spray 
during early flowering stage on oilseed yields. 
METHOD 
Trial site 
Plots measuring 10 m x 13 m were marked out in a canola (cv. Karoo) paddock in Piawaning sown at 
4 kg/ha on 27 April 2000 using knife points and press wheels.  
Treatments 
Treatments were either a foliar spray of Pirimor® (pirimicarb @ 150 grams active ingredient/ha) 
applied by boomspray once at early flowering on 28 July 2000 or nil spray, replicated four times. 
Aphids 
Aphids were evident in the crop during an initial inspection of the paddock on 29 June.  Plants were 
randomly sampled within the crop one day before and again four and 27 days after the spray event 
(28 July) to monitor levels of aphid infestation.   
Plots were harvested on 11 November to compare yields between sprayed and unsprayed.  In 
addition, whole plants were examined and numbers of stems per plant were counted to determine the 
impact of aphid feeding on plant growth and development.   
RESULTS  
Both cabbage aphid (Brevicornye brassicae) and turnip aphid (Lipaphis erysimi) were recorded, with 
cabbage aphid being dominant.  Leaves were being distorted by the large infestations of cabbage 
aphids on the aerial parts of the plants on 27 July.  A few green peach aphids (Myzus persicae) were 
also present but were confined to the mature, yellowing leaves.  On 27 July all plants in the trial were 
infested with aphids, with 84% of stems infested on the day prior to spray application.  These numbers 
had reduced naturally by the second post-spray count on 24 August, with only 3.6% of stems infested 
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in the nil spray treatment (see Table 1).  Environmental factors such as fungus, parasitic wasps and 
weather all helped to reduce aphid levels.  
Yields were good (mean = 0.95 t/ha) and as in previous similar trials, allowing aphids to establish 
populations did not cause significant yield losses (P = 0.18, t-test) (see Table 2).  Yield losses did not 
occur despite the presence of large infestations of mostly cabbage aphids from late July to late 
August.  There was no impact of aphid feeding on the number of lateral stems produced when plants 
were inspected on 1 November. 
Table 1. Levels of aphid infestation at different sampling occasions in unsprayed and sprayed canola 
at Piawaning 
 Pre-spray Post-spray 1 Post-spray 2 
 27 July 2000 1 August 2000 24 August 2000 
 Vegetative, early 
bolting 
60-70% of plants flowering 
Pods forming on lateral 
stems 
 % Stems 
infested 
% Plants 
infested 
Mean no. 
aphids/plant 
% Stems 
infested 
Mean no. 
aphids/plant 
Nil spray 84%* 91.6% 124.7 3.6% 1.4 
One spray (Pirimor®) 84%* 1.2% 0.1 0.9% 0.2 
*  Plants across whole paddock were sampled, 100% of plants examined were infested. 
Table 2. Effect of controlling aphids with a single foliar spray on machine harvested canola yields 
(t/ha) 
Treatment Yield 
Nil spray 1.01 
One spray (Pirimor®) 0.87 
F pr. 0.18 
CONCLUSION 
This trial shows that large numbers of aphids present in the crop for at least 4 weeks commencing at  
pre-bolting had no significant effect on yields of canola.  These results indicate that sprays to prevent 
aphid feeding damage are rarely justifiable, and support findings from trials done in 1997-1999.  The 
resilience of canola to insect damage is documented in the literature, and studies elsewhere have 
shown that damage can actually increase flower and hence pod production and yields.  Note that 
these recommendations are for aphid feeding damage, and managing the threat of aphid-borne 
viruses that can affect canola should be approached as a distinctly different issue. 
KEYWORDS 
Aphids, canola, insect damage 
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Management of Diamondback Moth (DBM) in canola 
David Cook, Peter Mangano, David Cousins, Françoise Berlandier, and Darryl 
Hardie, Crop Improvement Institute, AGWEST 
KEY MESSAGE 
DBM were a major problem for canola growers in the Northern Agricultural Region in season 2000 due 
to cyclonic rains over summer, which created a ‘green bridge’ for DBM to thrive on.  Canola plants 
appear to be most susceptible to DBM either when they are:  (1) early sown crops that have become 
moisture stressed; or (2) they are at the bolting stage.  A single spray application against large 
populations of DBM (> 200 grubs/10 sweeps) did not significantly reduce their numbers or result in any 
measurable yield increase in trials done in 2000.  Although multiple spray applications of either 
esfenvalerate or beta-cyfluthrin kept DBM numbers below 200 per 10 sweeps when untreated crops 
had > 700 DBM grubs per 10 sweeps, this still did not result in a significantly greater yield.  Ploughing-
in severely damaged crops would encourage moths to move onto adjacent, healthy areas of crop. 
AIMS 
• To determine the best management strategy for diamondback moth affecting early sown canola 
crops in the Northern Agricultural Region (NAR) of WA. 
• To compare single and multiple spray applications of several registered and unregistered 
insecticides to canola under intense diamondback moth pressure. 
METHOD 
Spray trials were conducted on commercial canola crops in the NAR of WA at 5 trial sites:  Eradu (2), 
Yuna, Mullewa and Wongan Hills.  The canola crops were all flowering or in the early pod stage.  The 
trials examined the impact of single spray versus multiple spray applications treatments on DBM 
numbers and crop yield.  Insecticides tested included Bulldock (beta-cyfluthrin), Hallmark 
(esfenvalerate) Folidol (parathion-methyl) and Proclaim (emamectin benzoate).   
RESULTS 
• Single spray applications of beta-cyfluthrin, esfenvalerate and parathion-methyl in early August 
had little impact on the numbers of DBM grubs, which peaked at around 600 per 10 sweeps 
some 3 weeks post-spraying in a crop that was at the podding stage (Figure 1). 
• A single application of emamectin benzoate and multiple spray applications of esfenvalerate 
(4 sprays over 5 weeks), kept the numbers of DBM grubs below 100 per 10 sweeps when the 
untreated and single spray treatments had > 600 DBM grubs per 10 sweeps (Figures 2 and 3). 
• Multiple spray applications of beta-cyfluthrin kept DBM grub numbers below 200 per 10 sweeps 
over the same time period (Figure 4). 
There was a rapid decline in DBM numbers in mid-late August due to a fungal outbreak of Zoophthora 
radicans.  Humid conditions within the crop after rain helped spread the fungus through the DBM 
grubs, which became swollen, pale in colour and slow moving.  This fungus dramatically reduced DBM 
numbers across several trial sites (< 50 grubs/10 sweeps), which never recovered in some instances.   
CROP YIELD 
• Under intense DBM pressure (> 600 grubs/10 sweeps), final crop yield was highest with multiple 
spray applications of esfenvalerate, 0.97 t/ha versus 0.65 t/ha (untreated and single spray), 
although not significantly greater.  
• Where DBM numbers were less severe (< 200 grubs/10 sweeps) a single spray application of 
esfenvalerate resulted in a significant yield response (0.84 t/ha versus 0.69 t/ha). 
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ECONOMIC THRESHOLD FOR DBM CONTROL 
As a canola crop ages, it can tolerate increasingly higher numbers of DBM without any significant yield 
loss.  Our present level of knowledge on canola suggests that plants are most susceptible to DBM 
either when they are:  (1) early sown crops that have become moisture stressed; or  (2) they are at the 
bolting stage.  Spraying for DBM control is only necessary when their numbers exceed economic 
thresholds, which currently are: 
• For pre-flowering, stressed crops, spray when > 30 grubs/10 sweeps.  It is important to assess 
potential yield in this situation and it may be better to patch spray badly affected areas. 
• For pre-flowering, unstressed crops, spray when > 50 grubs/10 sweeps. 
• For unstressed crops with the majority of plants in flower, spray when > 100 grubs/10 sweeps. 
ECONOMICS OF DBM CONTROL 
• Insecticide costs (excluding application) for DBM are $5-$25 per hectare. 
• A single spray application against DBM in canola may be cost-effective where grub numbers are 
less than 200 per 10 sweeps. 
• With multiple spray applications, the yield increase was 0.16t/ha over untreated.  The return 
from canola grain is $300/t, hence this is a $48/ha gain.  Assuming that this yield differential was 
all due to DBM control, this yield benefit is marginal compared to the cost of several spray 
applications (approx. $20/spray with application costs). 
0 10 20 30 40 50
0
200
400
600
800
spray application
Freeman, Eradu (2000)
Single Spray Application
 Control
 beta-cyfluthrin @ 0.3L/ha
 parathion-methyl @ 1.0L/ha
 esfenvalerate @ 0.25L/ha
N
u
m
b
e
rs
 o
f 
D
B
M
 G
ru
b
s
Days since first spray application
 
Figure 1. Effect of a single spray application of various insecticides against DBM grubs on canola at 
Eradu, Western Australia, 2000. 
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Figure 2. Effect of a single spray application of emamectin benzoate (Proclaim) against DBM grubs on 
canola at Mullewa, Western Australia, 2000. 
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Figure 3. Effect of multiple spray application of esfenvalerate (Hallmark) against DBM grubs on canola 
at Eradu, Western Australia, 2000. 
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Figure 4. Effect of a multiple spray applications of beta-cyfluthrin (Bulldock) against DBM grubs on 
canola at Mullewa, Western Australia, 2000. 
Paper reviewed by: Christine Zaicou-Kunesch 
 52 
 53 
Effect of time of sowing in conjunction with 
fungicides on blackleg and yield of canola 
Ravjit Khangura and Martin Barbetti, Agriculture Western Australia 
KEY MESSAGE 
Three different times of sowing (starting from the break of the season with two subsequent sowings at 
2-week intervals) and various fungicide treatments were evaluated for the management of blackleg in 
canola.  The trials were conducted at four different locations viz. Geraldton, Merredin, Wongan Hills 
and Mt Barker.  The blackleg severity was significantly reduced when the sowing was delayed until 
1st-2nd week of July, however, there were yield penalties due to the shortened growing season.  All the 
fungicide treatments substantially reduced blackleg at all the locations and yields were improved with 
most of the fungicide treatments at all the locations except for Geraldton.  The fungicide treatment for 
maximum protection indicated that varieties with low resistance like Karoo suffer serious yield losses 
under moderate to severe disease pressure conditions.  The trial results suggest the future potential 
use of some fungicide treatments, such as seed dressing with fluquinconazole and a combination of 
seed dressing and foliar application of either flusilazole or prochloraz. 
AIMS 
The aims of these studies were to evaluate the effect of different times of sowings (TOS) in 
conjunction with various fungicide treatments on blackleg disease severity and seed yield of canola 
and to investigate if either early or late sowings result in reduced blackleg severity and consequently 
increased seed yield. 
METHODS 
Trials were conducted at Merredin, Wongan Hills, Mt Barker and Geraldton to investigate the effect of 
TOS on blackleg disease.  In all trials cv. Karoo was sown in paddocks containing 2 year old canola 
residues.  At all the locations except for Merredin, the canola stubbles had been raked and burnt after 
the crop.  The trial was sown at three different times.  The first TOS was in the 3rd week of May, the 
second TOS was in the 2nd-3rd week of June and the third TOS was in the 1st-2nd week of July.  For 
each TOS, various fungicide treatments were applied, viz. nil, Impact®, fluquinconazole seed dressing 
(SD) @ 6.6 g ai/kg seed, fluquinconazole SD + one foliar application of flusilazole® @ 100 g ai/ha, 
fluquinconazole SD + two foliar applications of prochloraz® @ 247g ai/ha, two foliar application of 
flusilazole® @ 100 g ai/ha, and fluquinconazole SD + Impact® + three foliar application of flusilazole® 
@ 100 g ai/ha.  The last treatment of maximum fungicide protection was included to evaluate yield 
loss from blackleg.  The trial design was a split plot design with the TOS as main plots and the 
fungicide treatments as the sub plots.  At the end of the season 35 plants were assessed for blackleg 
crown cankers for each plot and the per cent disease index was calculated for each treatment.  All the 
plots were harvested to obtain the seed yield. 
RESULTS 
The main effects of fungicides indicated that blackleg disease was substantially reduced and the yield 
improved in most of the fungicide treatments at all the locations.  The maximum protection fungicide 
treatment controlled blackleg and improved yield by 47, 56 and 46 and 16% at Merredin, Wongan Hills 
and Mount Barker and Geraldton respectively compared with the nil treatment (Figure 1, A-D).  The 
main effect of time of sowing indicated that the blackleg severity was significantly reduced when the 
sowing was delayed until July at Wongan Hills, Mt Barker and Geraldton but not at Merredin where the 
TOS had no effect on the disease severity.  The yield was significantly decreased at Merredin when 
the crops were sown in the 3rd-4th week of June and subsequently the yield was further reduced when 
the sowing was delayed further until 1st-2nd week of July.  However, at Wongan Hills and Mt Barker, 
the first and the 2nd TOS did not affect the seed yield but it was significantly reduced with the 3rd TOS 
compared to the 1st TOS.  At Geraldton, the seed yield was significantly reduced when sown in the 3rd 
week of May compared with 2nd-3rd week of June.  However, the seed yield was drastically reduced 
when sown in July (Table 1). 
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CONCLUSIONS 
The trial results indicated that all the fungicides tested effectively controlled blackleg and improved 
yield in canola.  When not controlled, blackleg caused huge yield losses even though the 
environmental conditions were not very favourable for this disease in the 2000 growing season.  The 
disease severity was significantly lower when the crops were sown in the first-second week of July 
compared with the crops sown in May or June at all the locations except Merredin.  However, the late 
sowing resulted in yield penalties due to shortened growing season, hence, there is no economic 
benefit in delaying sowings until July in order to minimise damage from blackleg. 
 A B 
 C D 
Figure 1. Effect of various fungicide treatments on blackleg per cent disease index (PDI) and seed yield 
of canola at Merredin (A), Wongan Hills (B), Mt Barker (C) and Geraldton (D) 
(fluq = fluquinconazole, flus = flusilazole, prochl = prochloraz, SD = seed dressing, figures in 
brackets indicate number of foliar sprays). 
Table 1. Effect of time of sowing on per cent disease index (PDI) and seed yield of canola at four 
different locations in WA 
 Merredin Wongan Hills Mt Barker Geraldton 
Sowing date 
PDI 
Yield 
(kg/ha) 
PDI 
Yield 
(kg/ha) 
PDI 
Yield 
(kg/ha) 
PDI 
Yield 
(kg/ha) 
First (3rd week in May) 57 1623 47 1334 52 2222 55 646 
Second (3rd-4th week in June) 57 1219 40 1306 55 1963 41 829 
Third (1st-2nd week of July) 56 673 29 753 40 1668 32 374 
Lsd ns 293 9 236 6 790 7 114 
GRDC Project No.: DAW 591 
Paper reviewed by: Dr M. Sweetingham and Dr M. Barbetti 
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Further developments in forecasting aphid and virus 
risk in canola 
Debbie Thackray, Jenny Hawkes and Roger Jones, Agriculture Western Australia 
and Centre for Legumes in Mediterranean Agriculture 
KEY MESSAGES 
• A predictive model and a decision support system (DSS) are being developed for use by 
advisers and growers.  These will forecast the risk of aphid outbreaks and beet western yellows 
virus (BWYV) epidemics in canola and the need for insecticides to control the aphid vectors of 
the virus and direct aphid feeding damage.   
• The DSS will allow efficient targeting of insecticides, which will avoid their costly prophylactic 
use, reduce the likelihood of insecticide-resistant aphid populations developing and provide 
environmental benefits. 
• Data collected over two years at four sites from field validation blocks of canola confirmed that 
early aphid arrival in crops is closely linked to pre-growing season rainfall.  This in turn is linked 
to greater spread of BWYV and consequent yield loss. 
• Since BWYV is not seed-borne, it's incidence in canola crops is also heavily influenced by the 
amount of virus being carried by arriving aphids, and therefore by proximity to and amount of 
infected plant material in the vicinity.  
• Aphid and virus data collected from the validation blocks, from field experiments and surveys 
and historical climatic data will be used in validating the predictive model and DSS. 
• When finished, the DSS and seasonal forecasts will be made available through the Internet, 
PestFax, TopLine, radio, etc.  
CANOLA VALIDATION BLOCKS 
To validate the outputs from the aphid and BWYV forecasting model against real data, large, square 
blocks of canola were established in 1999 and 2000 at four sites representing a range of annual 
rainfall zones from 330 to 750 mm in the WA grainbelt.  These were AGWEST Research Stations at 
Merredin (average annual rainfall 330 mm), Avondale (Av. 420 mm), Badgingarra (Av. 600 mm) and 
Mount Barker (Av. 750 mm).  In both years, all blocks were sown by 2 June.  At each site, the block 
was sown adjacent to wild radish weeds, potential sources of BWYV.  In 2000, at the Avondale site an 
additional canola block was sown which was located distant from wild radish weeds.  Sites were 
visited every two to three weeks during the growing season.  On each visit, numbers of aphids of 
different species on one shoot tip (top 10 cm) of each of 50 plants were counted and 200 canola 
shoots collected at random were sampled for testing for BWYV in the laboratory by tissue blot 
immuno-assay (TBIA).  Results from these sites and from field experiments being done within GRDC 
project UWA 313, as well as historical climatic, aphid and BWYV data are being used to validate the 
forecasting model and insecticide DSS.  
RESULTS 
In 2000, summer rainfall led to build-up of aphids on weeds and canola volunteers in many areas 
before the start of the growing season, causing early expectations in April that aphids would arrive and 
BWYV spread start in canola crops soon after crop emergence.  However, in most areas a long, dry 
spell during April and May delayed sowing and killed weeds hosting aphids, thereby considerably 
delaying aphid arrival and reducing the numbers building up in all but the early-sown crops.  In the 
canola validation blocks, at the Avondale, Badgingarra and Merredin sites the greatest aphid numbers 
and final virus incidence were much lower than in 1999, but for the Mount Barker site they were higher 
(Table 1).  At Avondale, such a small number of aphids were observed that they were considered not 
to have colonised.  At all sites the predominant aphid species present was green peach (Myzus 
persicae) except at Badgingarra where turnip aphid (Lipaphis erysimi) became dominant.  Aphids were 
most numerous at the Mount Barker site with an average of 6 per shoot tip in early June but thereafter 
declined with none seen after 9 August.  BWYV incidence at Mount Barker, Badgingarra, Avondale 
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and Merredin reached 51, 6, 0.5 and 0.5% respectively.  At Avondale, no virus was found in the block 
located distant from any wild radish. 
In 2000, as in 1999 in validation blocks at the same sites, aphids arrived earliest and virus spread was 
greatest at sites with highest pre-growing season rainfall (Figure 1).  Conversely, aphids arrived latest 
and virus spread was least at the sites with lowest pre-growing season rainfall.  Unlike for 1999, total 
rainfall in May was included in the calculation of pre-growing season rainfall, because of the influence 
of the unusually long dry spell in May.  In 1999, a drier start to the season at the high rainfall site at 
Mount Barker (52 mm in March-April) resulted in few aphids and little BWYV spread in canola, 
whereas more substantial pre-growing season rainfall at a low rainfall site (Merredin - 93 mm) resulted 
in the opposite.  In 2000, at Mount Barker where pre-season rainfall (251 mm in March-May) was 
substantially greater than in 1999, aphids arrived earlier (1 June) and BWYV spread was greater 
(51%) than in 1999 (5 August, 17% respectively).  Conversely, where pre-growing season rainfall in 
2000 was less than in 1999, and the three weeks immediately preceding sowing were very dry 
(e.g. Merredin - 77 mm in April-May), aphids arrived later (19 July) and BWYV spread was far less 
(0.5%) than in 1999 (11 June, 48% respectively).  In 2000, as in 1999, across all sites the amount of 
BWYV spread that took place was not correlated with highest aphid numbers.  
Figure 1. Date aphids first recorded, highest aphid numbers per shoot and highest % BWYV levels in 
canola blocks at 4 sites in different rainfall zones in 2000. 
Table 1. Canola validation blocks at four sites in 1999 and 2000 - date aphids first recorded, final 
BWYV incidence and March-April rainfall (mm). 
Site 
March + April 
rainfall* 
Date aphids first 
recorded 
Highest aphid 
numbers/shoot 
% BWYV infection 
 1999 2000 1999 2000 1999 2000 1999 2000 
Avondale  38 33 29 June No aphids 3 0 44 0.5 
Badgingarra 170 60   9 June 13 June 37 0.7 81 6 
Merredin** 93 68 11 June 19 July 23 0.2 48 0.5 
Mount Barker 52 162 5 August   1 June 1 6 17 51 
  * Rainfall data is from SILO Data Drill (Queensland Department of Natural Resources). 
** Merredin visited only twice in 1999 and arrival date of aphids may have been up to 2 weeks earlier and aphid 
numbers greater than that measured.  Merredin visited 5 times in 2000.  
Since BWYV is not seed-borne, as well as arrival date of aphids in crops, the magnitude of virus-
infected plant material surviving over summer and the proximity of this to crops is a key limiting factor 
for virus incidence.  Information is being gathered throughout the different rainfall zones in the 
grainbelt over summer (UWA 313  -  see Hawkes and Jones in 2001 Updates) on the distribution and 
abundance of live potential hosts of BWYV and the proportion of these actually infected with BWYV 
and supporting aphids.  The canola predictive model will be refined using this information to improve 
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its forecasts for high, medium and low annual rainfall zones.  Data on aphid feeding damage from 
DAW 489WR (see Berlandier in 2000 and 2001 Updates) will also be incorporated.  Forecasts will be 
made available through the Internet, PestFax, TopLine, radio, etc. 
This work was supported by the Grains Research and Development Corporation.  We thank 
Brenda Coutts, Lisa Smith, Donna Atkins and Christine Woods for technical assistance. 
GRDC Project No.: UWA 290 
Paper reviewed by: Roger Jones and Martin Barbetti 
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Efficiency of selected insecticides for use on 
Diamondback Moth in canola 
Kevin Walden, Agriculture Western Australia 
KEY MESSAGES 
All insecticides tested were effective in reducing the numbers of Diamond Back Moth (DBM) larvae, 
with Bulldock and Lannate being marginally more effective initially and Fastac less effective.  Folidol, 
which was expected to perform better than the other insecticides, did not.  None of the treatments 
produced 100% mortality even at the highest rates of application.  Mortality rates were slightly higher 
when the insecticide was applied by a boomsprayer compared to an aeroplane and mortality rates 
increased slightly with increased water rates.  Yields in sprayed and unsprayed plots were not 
significantly different.   
AIMS 
In the last growing season, large numbers of DBM caterpillars were present in canola crops in the 
Northern Agricultural Region prior to the crops flowering.  Some canola crops, particularly those 
planted early, showed visible signs of water stress but also visible signs of damage by DBM larvae.  
Early attempts to control the DBM larvae were largely unsuccessful and no subsequent control 
measures were able to eliminate all the larvae. 
A trial was conducted to evaluate the effectiveness of a range of insecticides against DBM larvae in 
canola, at three water rates, applied by boomsprayer and aeroplane. 
METHOD 
 Site 1 Site 2 
Property Pawelski family farm, Yuna Pawelski family farm, Yuna 
Plot size and replication 15 m x 3 m, 2 replications  600 m x 100 m, 2 replications 
Crop type Canola Canola 
Spray date 29.7.00 29.7.00 
Insecticides and rates Lannate, Folidol, Folidol + Bt, Endosulfan, 
Fastac, Bulldock. 
1.5 x full label rate, full rate, 0.75, 0.5 x full 
rate. 
Lannate, Folidol, Bulldock, Fastac 
Full label rate, 0.5 x full rate 
Water rate 50,100 L/ha 20 L/ha 
Application type Boomspray aerial 
Insect counts 3 x 10 sweeps; 29/7/2000-30/8/2000 3 x 20 sweeps; 29/7/2000-30/8/2000 
RESULTS 
For each insecticide, higher levels of mortality were achieved with higher rates of application (Tables 1 
and 2, column 4), with Bulldock and Lannate producing the highest levels of mortality.  Some DBM 
larvae survived the highest rates of application.  The differences in mortality levels between treatments 
remained up to seven days after spraying then numbers of DBM larvae at the experimental site 
generally began to decline (see control treatments).  Two rates of Folidol and Bulldock were applied by 
boomspray using half the rate of water (50 L/ha), resulting in slightly lower rates of mortality.  
Application by aeroplane generally resulted in slightly lower levels of mortality (cf. Table 1 and 2), with 
substantially lower levels when lower rates of Bulldock and Fastac were used.  Initial analysis of yield 
data indicates that there is very little difference between treated and untreated plots.   
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CONCLUSIONS 
The trial results indicate that insecticides are effective at reducing the number of DBM larvae in canola 
crops, however none of the treatments completely eliminated the larvae.  The range in rates of 
application of the insecticides included rates above those normally recommended.  However, higher 
rates than those used in the trial are unlikely to improve the effectiveness of the treatments, as the 
differences in mortality among the highest two rates were generally very small.  Applying insecticide by 
boomsprayer was generally more effective than by aeroplane.  However, low water rates (20 L/ha) 
were used in this trial and increasing the water rate may improve treatments applied by aeroplane.  
Within 11 days after spraying the trial, numbers of DBM larvae in the treated plots were no different 
than those in the controls; numbers were decreasing due to factors other than the treatments.  Yields 
from the treated and untreated plots appear to be similar which may be a consequence of the general 
morality soon after treatment and the DBM larvae not having time to inflict damage on the crop.  
Although DBM larval numbers decreased generally in the region, a decrease at the end of winter may 
or may not be typical of this species at this time of the year.  A better understanding of the population 
dynamics of DBM is required to gauge its pest status, the effectiveness of control measures and the 
necessity to implement these measures.   
Table 1. Percentage of original DBM larval population remaining after different insecticide treatments 
applied by a boomsprayer.  (Population = 63 DBM larvae/10 sweeps in the crop prior to 
spraying) 
Insecticide 
Rate  
(mL/ha) 
Water 
(L/ha) 
The percentage of population remaining 
1 DAS 4 DAS 7 DAS 11 DAS 19 DAS 
Lannate 500 100 12% 22% 12% 5% 1% 
Lannate 750 100 18% 24% 22% 4% 1% 
Lannate 1000 100 5% 5% 4% 2% 0% 
Lannate 1500 100 7% 20% 10% 14% 2% 
Folidol 250 100 49% 45% 19% 6% 2% 
Folidol 500 100 24% 27% 12% 10% 1% 
Folidol 750 100 19% 21% 10% 10% 1% 
Folidol 1000 100 17% 10% 8% 3% 0% 
Endosulfan 500 100 33% 27% 15% 5% 2% 
Endosulfan 1000 100 50% 48% 24% 20% 1% 
Endosulfan 2000 100 13% 16% 11% 14% 1% 
Endosulfan 3000 100 11% 19% 10% 4% 0% 
Fastac 75 100 36% 35% 23% 15% 0% 
Fastac 120 100 29% 27% 22% 6% 3% 
Fastac 180 100 28% 33% 15% 7% 1% 
Fastac 250 100 18% 27% 14% 10% 0% 
Folidol 500 50 23% 34% 14% 8% 2% 
Folidol 750 50 25% 26% 16% 12% 1% 
Bulldock 150 50 9% 16% 12% 7% 0% 
Bulldock 300 50 19% 20% 23% 6% 2% 
Folidol + Bt 500 +    500 100 23% 30% 21% 17% 3% 
Folidol + Bt 750 +    750 100 19% 23% 13% 11% 0% 
Folidol + Bt 1000 + 1000 100 23% 50% 18% 68% 5% 
Folidol + Bt 1500 + 1500 100 12% 13% 11% 8% 1% 
Bulldock 75 100 13% 27% 15% 12% 2% 
Bulldock 150 100 14% 29% 19% 15% 5% 
Bulldock 300 100 7% 15% 8% 18% 1% 
Bulldock 500 100 4% 14% 11% 4% 1% 
Control   65% 56% 35% 17% 3% 
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Table 2. Percentage of original DBM larval population remaining after different insecticide treatments 
applied by air (Population = 61 DBM larvae/10 sweeps in the crop prior to spraying) 
Insecticide Rate  
(mL/ha) 
Water 
(L/ha) 
The percentage of population remaining 
1 DAS 4 DAS 7 DAS 11 DAS 19 DAS 
Lannate 500 20 28% 50% 51% 7% 5% 
Lannate 1000 20 11% 29% 32% 10% 4% 
Folidol 500 20 29% 32% 21% 6% 3% 
Folidol 750 20 24% 22% 26% 5% 4% 
Bulldock 200 20 49% 32% 47% 8% 6% 
Bulldock 300 20 9% 35% 19% 4% 2% 
Fastac 120 20 55% 85% 58% 9% 4% 
Fastac 180 20 27% 21% 19% 5% 3% 
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Impact® applied ‘in furrow’ controls blackleg in 
canola 
Cameron Weeks and Erin Hasson, Mingenew-Irwin Group Inc. 
KEY MESSAGE 
In two trials carried out at Mingenew in 2000 there were significant and economic responses to 
Impact® with the commonly grown canola variety Karoo and the new variety Bugle.  The third variety 
in the trial is the new triazine tolerant variety, Surpass 501TT.  Known until now as Pac147, it has an 
excellent blackleg resistance rating (which was confirmed in this trial) and is the standout TT canola 
variety for the Northern Region. 
BACKGROUND 
Blackleg is the most common and serious disease of canola in Australia.  Stem and crown cankers 
occurring at seedling and adult plant stages respectively are the most damaging form of infection but 
plants can be affected at any stage. 
Impact® applied ‘in furrow’ offers protection against blackleg at the seedling stage.  It is applied 
directly to the fertiliser at a rate of 400 mL/ha and must be placed close to the seed.  Trials at 
Mingenew in recent years have shown economic responses to Impact® with Karoo. 
Newer canola varieties have better blackleg resistance ratings than the benchmark variety Karoo and 
this may decrease the need for protection with Impact®.  Karoo has a rating of 4  -  low resistance; 
Bugle has a rating of 6  -  moderately resistant; Surpass 501TT has a rating of 8  -  resistant. 
*  NB.  Surpass 501TT has been known as Pac147 until recently named. 
The aim of the trial is to determine whether it is profitable to apply Impact® to canola varieties with 
different Blackleg ratings. 
TRIAL DETAILS 
Site: Garry McCagh Chris Gillam 
Soil type: 
 
Seeding date: 
 
Seeding machinery: 
 
Fertiliser: 
 
 
Fungicide: 
Yellow sand Red Sandy loam 
 
7 June 2000 8 June 2000 
 
AGWEST cone seeder.  1.44 m x 20 m plots 
 
124 kg/ha Agrich + Impact® placed 2-3 cm below the seed 
100 kg/ha Urea + 120 kg/ha Sulphate of Ammonia 
 
Impact® applied to the fertiliser @ 400 mL/ha 
RESULTS 
Site 1:  Gillam Yield, oil, per cent disease index (PDI) and gross return. 
Treatment Yield (t/ha) Oil (%) Crown Cankers (PDI) Gross return ($/ha) 
Surpass 501TT + Impact®  1.22 40.4 0 $299.31 
Surpass 501TT- Impact® 1.30 40.1 0 $342.21 
Karoo + Impact® 1.19 36.6 28 $261.74 
Karoo - Impact® 0.97 36.9 61 $239.96 
Bugle + Impac®t 1.00 37.2 24 $219.61 
Bugle Impact® 0.74 37.6 56 $186.91 
LSD 5% 0.09    
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Site 2:  McCagh Yield, oil, per cent disease index (PDI) and gross return. 
Treatment Yield (t/ha) Oil (%) Crown Cankers (PDI) Gross return ($/ha) 
Surpass 501TT + Impact® 1.53 42.5 0 $397.34 
Surpass 501TT - Impact® 1.58 42.8 7 $443.41 
Karoo + Impact® 1.35 38.0 59 $315.99 
Karoo - Impact® 1.01 37.5 90 $254.36 
Bugle + Impact® 1.13 39.9 75 $272.37 
Bugle - Impact® 0.86 39.5 89 $228.07 
LSD 5% 0.08    
Canola  -  $310 pool price (42% oil) minus freight, CBH charges and levies; Impact®  $30/ha. 
DISCUSSION 
There was a significant (p < 0.05) and economic response to Impact® on Karoo and Bugle in both 
trials.  Per cent disease index (PDI) was reduced and gross return increased on Karoo and Bugle with 
the application of Impact®.  This is the third year running that economic responses to Impact® have 
been observed at Mingenew, with the variety Karoo. 
The zero to very low crown canker index (PDI) confirms Surpass 501TT has excellent blackleg 
resistance and would not require Impact® for disease protection.  Surpass 501TT is the standout new 
canola variety for this region giving consistently higher yields and oil contents than Karoo. 
ACKNOWLEDGEMENTS 
We would like to thank Garry McCagh and Chris Gillam for allowing us to conduct the trials on their 
properties.  We would also like to thank Ravjit Khangura (AGWEST) for carrying out the Blackleg 
analysis.  Thanks to Pacific Seeds for the Surpass 501TT seed and Dovuro for the Bugle seed. 
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Effect of time of sowing and Impact on canola 
yield, Esperance 
Dave Eksteen, AGWEST 
INTRODUCTION 
Canola is an important component of the cropping rotations.  Canola assists with spreading the sowing 
and harvest times, reducing the need for extra machinery and reduces the risk of crop damage at 
harvest by not being able to harvest all the crops before the summer rains.  Growers need to know 
when is the optimal time to sow canola and which variety to use to optimise seed yield and oil content.  
Another factor to consider is whether to use Impact or not.  This trial was done to assist growers in 
obtaining this necessary information. 
TRIAL DETAILS 
The trial consisted of seven varieties, sown at three sowing dates, with and without Impact.  The trial 
received 80 units N and the standard herbicide treatment for TT canola.  The trial was sown into Lupin 
stubble.  The site had a moderate to high disease pressure rating with canola being grown 0.6 km 
away the previous season. 
Table 1. Effect of Impact (plus and minus) on yield (t/ha) of canola at three sowing times (Diff is the 
yield difference between plus and minus canola) 
 Time of sowing  
26 April 
Time of sowing 
17 May 
Time of sowing  
31 May 
Variety Yield 
Impact 
 Plus Minus Diff 
Yield 
Impact 
 Plus Minus Diff 
Yield 
Impact 
 Plus Minus Diff 
Surpass  
600TT 
2.75 2.34 0.41 2.45 2.43 0.02 2.55 2.74 -0.19 
Bugle 2.30 2.08 0.23 2.37 2.46 -0.09 2.35 2.59 -0.24 
TM8 2.67 2.44 0.23 2.55 2.64 -0.09 2.32 2.40 -0.07 
TM5 2.85 2.43 0.42 2.58 2.64 -0.07 2.31 2.39 -0.08 
Clancy 2.52 2.30 0.22 2.38 2.36 0.02 2.27 2.34 -0.07 
Pinnacle 2.82 2.36 0.46 2.46 2.65 -0.19 2.44 2.43 0.01 
Karoo 2.74 2.14 0.60 2.27 2.32 -0.05 2.40 2.54 -0.14 
Average 2.66 2.30 0.32 2.44 2.50 -0.06 2.38 2.49 -0.10 
The results show significant responses to Impact for the early sown canola, but no response for the 
other two sowing dates.  At a cost of $30/ha for Impact, you will require 100 kg seed increase to justify 
the cost of applying the fungicide.  All the early sown varieties would have given an economical 
response.  None of the second and third sowing times would have given an economical response.  A 
trial done by IAMA showed similar responses with no economical benefits of using Impact (Table 2).  
Their results did, however show improved oil contents when Impact was used. 
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Table 2. IAMA (Quentin Knight) Impact Trial – Speddingup 2000 
 Time of sowing 15 May 
 Yield + Impact Yield – Impact Yield difference 
Karoo 1.04 0.94 0.10 
Pinnacle 0.99 0.95 0.04 
Surpass 600TT 0.98 0.87 0.11 
Surpass 501TT 1.01 1.01 0.00 
Surpass 300TT 0.93 0.86 0.07 
Average 0.99 0.92 0.07 
The trial results indicate that we need to look further into the blackleg issue, especially early seeding.  
There are also a number of newer varieties that are showing good blackleg resistance (e.g. Surpass 
501TT) which will not require the use of Impact.  
GRDC Project No.: DAW 568 
Paper reviewed by: David Hall 
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Australian Plague Locust Campaign 2000 
Kevin Walden, Agriculture Western Australia 
KEY MESSAGE 
In August 2000, locust eggs began hatching over a large area of the Southwest Land Division.  This 
was the beginning of the biggest outbreak of the Australian plague locust (APL), Chortoicetes 
terminifera, recorded in Western Australia.  An emergency response was mounted by the Agriculture 
Protection Board and AGWEST which, by any measure was very successful. 
AIMS 
The objectives of the emergency response were to protect crops, pastures, horticultural enterprises, 
gardens, community facilities and the environment from potential damage from high-density 
populations of nymphs and swarms of adult locusts. 
METHODS 
In April 2000, a locust outbreak approximately twice the size of the 1990 locust outbreak was predicted 
after extensive surveying of 56 Western Australian Wheatbelt shires and analysis of computer 
simulations.  This method of prediction is the result of a comprehensive understanding of the APL, 
developed by long-term research conducted by AGWEST. 
By June 2000 the Agriculture Protection Board and AGWEST had initiated an emergency response.  A 
State Task Force was formed in June 2000 to plan the response and put in place communications, risk 
management procedures, policies, processes and resources to ensure objectives were met.  Initial 
chemical supplies of 100 tonnes of technical fenitrothion were requisitioned from Sumitomo Australia 
in early June and a further 100 tonnes (to total 200T) in mid July. 
The overall response policy, the setting of the objectives and the management plan were developed 
by the end of July 2000.  The operational objectives of the response were to prepare agribusiness and 
landholders to cope with the outbreak and to prevent the formation of high density flying swarms.  A 
submission to cabinet resulted in a total of $4.5 million of supplementary funding to assist with what 
was estimated to be an $8.5 million program. 
Regional Task Forces were formed in affected areas of the Southwest Land Division and were based 
at AGWEST District Offices.  The responsibilities of the Regional Task Forces were to advise the State 
Task Force on regional issues likely to affect the response and to put in place local arrangements to 
ensure the objectives of the response were met locally.  An education programme to inform regional 
staff of the emergency response and train them in the technical aspects of locust control was 
developed and delivered at training days held in Esperance, Albany, Katanning, Narrogin, Lake Grace, 
Merredin, Geraldton, Moora, Northam, South Perth and Bunbury.  A total of 586 personnel were 
trained.  
The management procedure of the emergency response was to carry out strategic control in the worst 
affected areas to diminish the potential for locusts to form damaging swarms.  Because of the 
ubiquitous distribution of locusts during an outbreak, eradicating locusts is not possible and was not 
considered as an aim of the programme; total numbers of locusts could perhaps be reduced by 70 per 
cent with a well-coordinated campaign.  The areas of the State that were predicted to have the 
greatest numbers and distribution of hatching locusts had a Gross Value of Agricultural Production in 
1996-97 (the most recent figures available) of between two and three billion dollars ($2-3 billion).  
There was a need to control swarming locusts in the spring and summer of 2000 to mitigate direct 
damage to this year’s crops and pastures and to prevent further build-up to a subsequent locust 
problem in Autumn 2001.  The damage mitigation was to be achieved through the reduction in dense 
populations of nymphs and fledging adults by aerial and ground spraying with insecticides.  The 
management plan would concentrate on areas where the density and total number of locusts indicated 
the greatest potential to swarm and cause damage.  Landholders were required to carry out control on 
their land to prevent damage to pastures and crops. 
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A field operations plan was developed by 31 July 2000.  The operation involved identification of control 
targets (Priority Target Zones) and the coordination of spraying contractors and landholders to ensure 
that locusts in ‘Extreme Risk’ and ‘High Risk’ areas of Priority Target Zones were controlled.  The 
process of target identification involved a chain of communication starting with individual landholders 
in affected rural areas of the South-west Land Division.  Landholders were to carry out surveys on 
their properties and report any significant activity to their designated Local Area Coordinator 
(landholders who volunteered to assist AGWEST with the programme).  This information was 
communicated to a central database via District Operations Coordinators (AGWEST field workers), 
and Regional Operations Coordinators (AGWEST regional managers).  Surveys commenced in early 
September 2000.  Priority Target Zones, each of approximately 200 km2 were identified by the 
Regional Operations Coordinator by applying prescribed criteria upon the database information, 
sometimes in consultation with the State Operations Coordinator and the Consultant Entomologist. 
Once Priority Target Zones were identified, the Regional Operations Coordinator coordinated 
resources in the region to support District Operations Coordinators in carrying out detailed property 
surveys to identify ‘Extreme Risk’ and ‘High Risk’ areas for control.  District Operations Coordinators 
liaised with Local Area Coordinators and Regional Operations Coordinators regarding survey data and 
target identification.  District Operations Coordinators were responsible for ensuring that accurate 
target location details and maps (a state total of 4020 property maps were produced) were made 
available to spraying contractors and landholders and for the logistical management of chemical.  
Chemical storage and distribution was arranged through Elders and Wesfarmers regional stores at no 
cost to the agency apart from freight to the regions from Perth. 
Close liaison with the media and regular media briefings led to wide media coverage of the 
preparations for the outbreak as well as the control programme.  This included regular updates on 
ABC Radio during the control programme.  Information was made available to landholders and the 
general public with the production, printing and distribution of the Landholder Information Package, 
Farmnotes, poster displays, factsheets, staff information kit and regular Agmemo and ‘Hopper 
Stopper’ articles.  A comprehensive website was published and kept up to date containing weekly 
situation updates during the planning phase and daily reports on the control programme (There were 
180,098 successful requests.).  Field Day displays were held at five major field days, 14 regional 
shows and four research station open days plus the Royal Show. 
RESULTS 
Hatchings were first reported on 1 September (Esperance) and continued until 11 November 
(Katanning).  A total of 2,582 properties reported hatchings. 
Formal monitoring commenced on 19 October in five shires (Mt Marshall, Mukinbudin, Nungarin, 
Yilgarn and Westonia), with the last shires (Williams and Wandering), commencing on 10 November.  
A total of 46 shires implemented formal monitoring. 
Control of hoppers commenced on 25 October (Mukinbudin and Esperance) with the last prescription 
on 6 December (Jerramungup).  Hopper control was undertaken on 599 properties (319,947 ha) by 
AGWEST contractors and 698 properties (157,108 ha) prescribed chemical for landholder use.  A total 
of 175 tonnes of fenitrothion was used in the program. 
CONCLUSIONS 
The objectives of the response were achieved and the damage caused by locusts was minimised in 
what was the most widespread and severe outbreak of Australian Plague Locusts ever known to occur 
in WA. 
Paper reviewed by: Damian Collopy 
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New herbicide options for canola 
John Moore and Paul Matson, AGWEST, Albany 
KEY MESSAGE 
Canola’s response to diuron 90%. 
AIM 
Ten trials were conducted between 1997 and 2000 at Merredin, Newdegate, Katanning and Mt Barker 
Research Stations to investigate the effect of a range of herbicides including Diuron 90% on 
non-triazine tolerant Canola. 
RESULTS 
When less than 1000 g/ha of Diuron 90% was applied pre planting, the yield of Canola increased by 
140 kg/ha on average (p < 0.001) (Figure 1). Yield increases ranged from 730 kg/ha to -280 kg/ha 
over the 10 trials.  Higher rates caused heavy yield losses with rates around 5 kg/ha of Diuron 90% 
causing almost complete loss of yield. 
The yield response did not appear to be due to weed control.  The yield increases depicted in Figure 1 
are the differences in yield between the Diuron 90% treated plots and a weed free triazine tolerant 
control or a relatively weed free normal variety.  Also, rates of Diuron between 250 and 500 g/ha gave 
similar yields to rates up to 1000 g/ha (Figure 1).  At 500 g/ha Diuron provided poor control of most 
common weeds apart from Crassula, Toad Rush and occasionally Capeweed.  Thus other factors 
such as nitrogen availability or disease control may be implicated.  Diuron may affect the microbes 
involved in the conversion of soil nitrogen or those causing disease.  This project has identified the 
effect and further research is required to determine the cause. 
Diuron is a soil residual herbicide that is absorbed through roots and shoots. It is relatively immobile in 
soils but may move with mass flow of soil or water into planting slots and consequently build up to 
concentrations high enough to kill the crop in some instances.  (With simazine, I have measured a 
5-fold increase in herbicide concentration in planting furrows after heavy rain.)  Sandy soils, heavy 
rainfall events after spraying or planting systems that place the crop in a furrow may lead to damage.  
It is therefore important to test diuron on local soils and with your planting machinery to assess the risk 
of damage.  Other research has shown that the efficacy of diuron is generally additive with atrazine on 
weeds.  It is possible that the addition of 350 g/ha of diuron 90% to 1 kg/ha of atrazine 90% pre 
planting on a TT Canola may have the same effect as 1.35 kg/ha of diuron alone which could be 
damaging.  This requires further investigation. 
If diuron was used pre planting on Canola then many farmers would like to add a grass herbicide.  
Research has been limited but from the results available it would appear that diuron plus metolachlor 
(Dual®) works well followed by diuron plus trifluralin (Figure 2).  It is expected that different ratios of 
herbicide would be more appropriate than those tested in 1998 and combinations of 2 L/ha Dual® or 
metalachlor 72% or trifluralin with 250 g/ha diuron 90% is likely to be a good mix providing reasonable 
grass control together with the diuron effect. 
The registration status of Diuron applied pre planting is not clear, however permits for this specific use 
on normal varieties of Canola have been sought. 
CONCLUSIONS 
Diuron 90% applied at 250 to 350 g/ha will usually provide a yield benefit in conventional varieties of 
Canola.  Because of the nature of Diuron, only a small area should be treated to determine if your 
seeding system, soils and environment are conducive to crop damage.  It should not be used on TT 
tolerant varieties in combination with atrazine until further research is conducted. 
In Wild Radish infested areas, use a herbicide tolerant Canola variety.  Diuron will not provide control 
of Wild Radish without damaging the crop. 
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Limited trial data indicates that Dual®, metalachlor or trifluralin may be mixed with diuron without 
adverse effects. 
Figure 1. Canola yield increases recorded after application of diuron pre planting. 
Yield increase calculated as the difference in yield between diuron treated plots and a weed 
free triazine tolerant control or a relatively weed free normal variety. 
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Figure 2. Pre plant grass herbicides in combination with diuron 
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Unregistered pesticides and pesticide uses 
This paper reports the results from research where the product or reported use for the product is not 
currently registered.  Any discussion of these uses does not constitute a recommendation for that use.  
All pesticide use must be in accordance with the registered uses for that product.  Use of information 
contained in this paper is at the user’s own risk. 
GRDC Project No.: DAW 552 
Paper reviewed by: Dr S. Peltzer and Dr Terry Piper 
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Effects of time of swathing and desiccant 
application on the seed yield and oil content of 
canola 
Carla Thomas and Lionel Martin 
Muresk Institute of Agriculture, Curtin University of Technology, Northam, WA  6401 
KEY MESSAGE 
Applying Reglone® at an optimum timing gave significantly higher yields than swathing, application of 
Roundup® or direct harvesting at physiological maturity.  Swathing and applying Reglone® outside of 
their optimum timing had detrimental effects on yield and oil content. 
There was no optimum time of applying Roundup®.  Yields and oil content were maintained over all 
times of application, with yields at all timings being greater than the average for direct harvesting, 
swathing and Reglone, making it a versatile option for producers with other possible management 
benefits. 
AIMS 
A research project was carried out on Carmarthen Farm, Dowerin, in the 2000 growing season, to 
study the effects of time of swathing and desiccant application on the seed yield and oil content of 
canola in order to determine the optimum time of swathing/ desiccant application for the crop in the 
northern central wheatbelt region of Western Australia. 
METHODS 
The experiment was conducted on Carmarthen Farm, Dowerin, in the central wheatbelt of Western 
Australia, from May to December 2000.  Dowerin receives a mean annual rainfall of 367 mm, but 
recorded only 162 mm of rainfall in the 2000 growing season with a late break and an early finish.  The 
experimental treatments consisted of  swathing/desiccant application [swathing, Roundup 1.5 L/ha 
and Reglone® 1.5 L/ha] and time of application [10% seed colour change (very early timing), 38% 
seed colour change (early timing), 56% seed colour change (recommended swathing timing), 94% 
seed colour change (very late timing) and an untreated control (i.e. direct harvested at physiological 
maturity).  These treatment combinations were arranged in a randomised block design with three 
replicates.  The individual plots were 2.4 m in width and 15 m in length.  Moisture content of seeds 
when each treatment was applied was recorded.  Measurements of seed yield (t/ha), oil content (%), 
moisture (%) and admixture (g) were recorded from seed samples taken when individual treatments 
were mature for harvest.  
RESULTS 
Reglone® recorded the highest yield of 0.908 t/ha at 56% seed colour change, which was significantly 
higher than all other treatments (Table 1).  Reglone® also recorded the highest oil content of 36.27% 
at 38% seed colour change (Table 2).  Swathing and applications of Reglone® at very early timings 
significantly reduced seed yield and oil content in comparison to direct harvesting at physiological 
maturity.  The seed yield and oil content recorded from the application of Roundup at all timings 
were higher than, though not significantly different, from direct harvesting at physiological maturity. 
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Table 1. Effects of swathing/desiccants, time of application and their interaction on the seed yield 
(t/ha) of canola 
 Time of application (seed colour change)  
 10% 38% 56% 94%  
Swathing 0.51 0.69 0.68 0.65  
Reglone 0.51 0.62 0.91 0.70  
Roundup 0.83 0.83 0.80 0.80  
Untreated (direct harvested)     0.79 
    Swathing/desiccant x 
time of application 
Level of significance    P < 0.05 
LSD(P = 0.05) to compare means    0.18 
LSD(P = 0.05) to compare means and control  0.14 
Table 2. Effects of swathing/desiccants and time of application and their interaction on oil content (%) 
of canola seed 
 Time of application (seed colour change)  
 10% 38% 56% 94%  
Swathing 32.33 36.20 35.70 36.20  
Reglone 34.88 36.27 36.20 35.40  
Roundup 35.63 35.93 36.00 35.70  
Untreated (direct harvested)     36.05 
    Swathing/desiccant x 
time of application 
Level of significance    P < 0.05 
LSD(P = 0.05) to compare means    1.10 
LSD(P = 0.05) to compare means and control  0.87 
The optimum time of swathing to achieve maximum yield and oil content derived from the results of 
this experiment is at 60-70% seed colour change.  The optimum derived time for applying Reglone® is 
at 50-70% seed colour change.  There was no optimum time of applying Reglone® to achieve a 
maximum yield, though application at all timings increased yield above all treatments except 
Reglone® applied at 56% seed colour change.  
The most profitable treatment combination was Reglone® applied at 56% seed colour change with a 
gross margin of $6.52 per hectare. 
CONCLUSIONS 
Reglone® recorded the highest oil content and significantly higher yield than all other treatments. 
Swathing and applying Reglone® outside the optimum time of 60-70% and 50-70% respectively 
reduced seed yield and oil content. 
Applying Roundup® at all timings gave yields above the trial average, Roundup® had no optimum 
time of application. 
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Using canola monitoring groups to understand 
factors affecting canola production in Esperance 
Dave Eksteen, AGWEST 
ABSTRACT 
Canola monitoring groups were used to gather information so that production across a range of soils, 
climatic conditions and management strategies could be examined to identify what factors were 
limiting production.  Soil and leaf samples and all inputs were recorded from each paddock monitored.  
Results showed that it was difficult to draw conclusions when single factors were compared to seed 
yield, possibly due to the complex interaction that occurs between factors.  Factors that appeared to 
have no linear relationship to seed yield were time of sowing, nitrogen fertiliser applied and plant leaf 
nitrogen levels.  By selecting high yielding and low yielding paddocks possible yield limiting factors 
could be identified for individual paddocks. 
INTRODUCTION AND METHOD 
The area of canola has increased dramatically over the past three years from 10,000 to 75,000 ha, 
resulting in most growers being new to canola production.  To assist in gathering information about 
canola production, grower groups were formed where growers were encouraged to select one 
paddock and to monitor all inputs in that paddock. 
Information recorded was time of sowing, variety, plant population, all inputs (fertiliser, weed control, 
insect control), rainfall, time of swathing, time of harvest and seed yield and oil content.  A soil sample 
was collected just after sowing in 1999 and leaf samples collected 74 days after sowing in 1998 and 
1999.  All crops were sown at 5 kg/ha. 
RESULTS AND DISCUSSION 
It is widely understood that there are a number of factors limiting yield.  Lack of moisture is usually the 
most limiting with low fertility, poor plant population, poor soil structure, improper crop variety, weeds, 
insects and diseases all limiting the final possible yield.  By undertaking paddock trials each factor can 
be investigated and a best management strategy developed.  This is done by eliminating all other 
factors and trialing various rates of the factor under investigation.  For example if a variety is sown at 
different times where all the other factors are kept constant (nutrition, weed control, insect control, 
etc.), then the optimal sowing time for that season can be determined as shown in Table 1. 
Table 1. Determining optimal sowing date for different varieties - 1998 
 Seed yield at time of sowing (kg/ha) 
 30 April 21 May 11 June 2 July 
Pinnacle 3.4* 3.3 2.7 1.7 
Clancy 3.3* 3.1 2.2 1.7 
Karoo 3.0 3.1* 2.7 1.8 
*  Optimum sowing time for this season. 
When the data from the monitoring groups was analysed by selecting each factor and comparing to 
seed yield, no meaningful relationship could be obtained between that single factor and seed yield.  
Graph 1 shows the effect of time of sowing on yield.  The data shows a random scatter pattern with no 
significant relationship with yield.  The same results occurred with comparisons of total nitrogen 
fertiliser applied and leaf nitrogen content on seed yield.  This scatter of data indicates that there is 
often no linear relationship between single factors and yield under paddock conditions.  This is 
because the other factors are not eliminated allowing for interaction between the factors which muffles 
the results and prevents linear comparison of individual factors.  This raises the question as to whether 
monitoring groups data can be useful in understanding what is limiting production?  If the data cannot 
assist growers in improving their production then there is no reason to continue in collecting data in 
monitoring groups. 
Variety 
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Graph 1 Effect of time of sowing on seed yield (1998 and 1999)
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To try and understand why some paddocks performed well and others not, paddocks were selected 
and compared with each other to see what where the possible factors responsible for the difference in 
yield.  High yielding paddocks were selected and compared to low yielding paddocks to try and explain 
the difference in yield. 
Table 2a and b. Selected cropping information from grower paddocks collected to compare high 
yielding with low yielding paddocks for 1998 and 1999 
a) 
Paddock Variety 
Sowing 
date 
Crop density 
plants/m-2 
Row width 
(cm) 
Swath 
date 
Harvest 
date 
1998  -  Sandplain 
C Karoo 7/5 90 26.0 5/11 20/11 
D Pinnacle 3/5 45 17.8 3/11 22/11 
E Pinnacle 20/5 60 16.0 7/11 24/11 
1999  -  Mallee (duplex) 
F Karoo 14/5 70 25.4 14/10 2/11 
G Pinnacle 20/4 55 25.4 15/10 10/11 
b) 
Paddock Variety Grain 
yield t/ha 
Oil % Gross 
margin $ 
Rooting 
depth 
(cm) 
Total 
input cost 
$ 
Previous 
crop 
Rain (mm) 
Apr.-Oct. 
1998  -  Sandplain 
C Karoo 0.75 42 -76 10-15 331 Pasture 431 
D Pinnacle 1.40 44 231 20-30 262 Barley - 
E Pinnacle 2.60 42. 558 20-30 333 Pasture 312 
1999  -  Mallee (duplex) 
F Karoo 0.95 40 55 10-15 221 Wheat 222 
G Pinnacle 1.30 44 122 15-20 279 Barley 222 
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1998  –  Sandplain 
• Table 1 shows the data from two low yielding paddocks (paddock C and D) and one high 
yielding paddock (paddock E).  The possible reasons for the lower yields of paddock C were: 
• Karoo was sown in Paddock C, compared to Pinnacle in paddock E. Local trials have shown 
that Pinnacle is more suited to the longer growing season of the Sandplain and has yielded 12% 
higher than Karoo on average over two years trials. 
• Another factor was hail damage.  Paddock C experienced a thunderstorm which caused hail 
damage during flowering and resulted in the soil remaining waterlogged for two weeks. 
The soil and leaf samples showed that paddock C had adequate soil fertility but the yield was limited 
by variety, hail and waterlogging. 
Paddock D and E were on similar soil types.  They had the same variety, with paddock E being sown 
17 days later.  Weed and insect control was good for both paddocks.  Similar nitrogen and phosphorus 
fertiliser were applied to paddock D and E.  Leaf samples showed that all nutrients except potassium 
were similar for both paddocks.  Paddock D had marginal potassium levels.  Paddock D was sown 
after a barley crop while paddock E was sown after a pasture.  The possible reasons why paddock D 
yielded 46% lower than paddock E are: 
• The lower potassium level in the soil resulted in a deficiency. 
• Lower soil nitrogen (barley versus pasture previous crop) resulting in a deficiency during pod 
development. 
• Possible lower rainfall (no rainfall records were available for this paddock). 
• Possible higher harvest losses. 
1999 Mallee 
Although paddock G and F had the same rainfall there was a 26% difference in seed yield.  Both were 
on duplex soils, although paddock G had a slightly better rooting depth.  The reasons why paddock G 
possibly outyielded paddock F could be due to: 
• Variety.  Local variety trials have shown that Pinnacle sown early will outyield Karoo sown later 
at the same site. 
• Rooting depth.  Paddock G had a slightly better rooting depth, allowing for better utilisation of 
rainfall.  Paddock G also had a sandier topsoil, which could have allowed better infiltration and 
utilisation of rainfall. 
• The leaf analysis showed that paddock F had marginal copper levels, indicating that copper 
could have been a limiting nutrient. 
• Rainfall distribution.  Paddock G had slightly higher rainfall in August and September, during 
pod fill, which could have contributed to the higher seed yield. 
Table 3a and b. Average Paddock Results for Esperance Canola Monitoring Groups 1998 
a) 
Group Swath date Harvest date 
Grain yield 
t/ha 
Oil% 
Gross margin 
$ 
Rainfall (mm) 
Apr.-Oct. 
Scaddan  20 Oct. 10 Nov. 1.24 41.8 162.24 340 
Dalyup  3 Nov. 28 Nov. 1.13 43.7 124.62 458 
Munglinup 21 Oct. 12 Nov. 1.72 43.3 366.27 350 
Condingup 11 Nov. 30 Nov. 1.86 42.0 343.94 355 
AVERAGE 29 Oct. 20 Nov. 1.48 42.7 249.26 375 
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b) 
Group Swath date Harvest date 
Grain yield 
t/ha 
Oil% 
Gross margin 
$ 
Rainfall (mm) 
Apr.-Oct. 
Scaddan  20 Oct. 10 Nov. 1.24 41.8 162.24 340 
Dalyup  3 Nov. 28 Nov. 1.13 43.7 124.62 458 
Munglinup  21 Oct. 12 Nov. 1.72 43.3 366.27 350 
Condingup  11 Nov. 30 Nov. 1.86 42.0 343.94 355 
AVERAGE 29 Oct. 20 Nov. 1.48 42.7 249.26 375 
SUMMARY 
When all the data is collected and averaged it provides useful comparisons for growers to compare 
their paddocks with the group average (Table 3).  These averages can be used as benchmarks which 
will guide new growers when deciding on inputs and budgeting. By comparing single factors with seed 
yield no meaningful relationship occurs.  When the best paddocks are compared to the poorer 
performing paddocks the possible yield limiting factors can be identified and growers can learn from 
the data.  An important issue was that growers could visit other growers paddocks and discuss 
management practices.  A lot of information is exchanged at these informal meetings.  There are still 
some paddocks which are difficult to explain the reason for the poor yield results.  This could be due to 
other factors which were not recorded which could have an effect on final seed yield.  These include, 
frost damage, soil characteristics, restricted root development, the distribution of rainfall, the uniformity 
of the paddock, the incidence of waterlogging, spray drift damage, residual herbicide carryover in the 
soil, the harvest losses that might occur, nematodes and mice damage.  There are also complex 
interactions that are difficult to measure under paddock monitoring.  
The results showed that caution is required when interpreting monitoring groups information.  Growers 
found the monitoring groups very useful with the information and experience gained enabling growers 
to improve their canola production. 
KEY WORDS 
canola, yield, limiting factors, monitoring 
GRDC Project No.: DAW 568 
Paper reviewed by: David Hall 
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Nitrogen and canola 
Dave Eksteen, AGWEST 
HOW MUCH NITROGEN IS REQUIRED? 
Nitrogen is essential for plant growth.  Plants require large amounts of nitrogen for normal growth.  
How much nitrogen does a healthy canola crop require?  
Canola seed contains about 40 units  nitrogen per tone of seed (Table 1).  A 1.5 t/ha canola crop 
would require at least 60 units nitrogen/ha just to replace what has been removed in the seed.  This is 
not the total nitrogen requirement as there is still the nitrogen required for the stems, leaves and roots. 
Table 1. An estimate of nutrients removed in units per tonne of grain 
Crop Nitrogen Phosphorus Sulphur 
Canola 40 4.1 3.4 
Wheat 21 3.0 1.5 
Barley 20 2.7 1.5 
 
Extracted from:  Canola Cache, Kondinin Group, The farmers handbook for growing Canola. 
Figure 1 shows the total nitrogen uptake of a canola crop that produced 1.5 t/ha seed yield.  It can be 
seen that the nitrogen requirement is very low in the first three months  from seeding, with most of the 
nitrogen uptake during the rapid stem elongation phase up to flowering and pod fill.  Up to 150 units 
nitrogen/ha is taken up in the plant during this phase.  Some of the nitrogen is then redistributed to the 
pods and seeds as they fill, with some nitrogen being lost in the leaves as they fall off with the onset of 
maturity. 
AGWEST has undertaken a number of nitrogen trials to determine what is the nitrogen requirements 
for canola.  Results has shown that the total nitrogen requirement will vary depending on the yield 
potential of the crop.  Yield potential is determined mainly by soil type and available soil moisture.  
Graph 2 shows the expected nitrogen response at different yield potential’s.  For example if the soil 
and climatic conditions restrict the potential maximum yield at 1 t/ha then the total nitrogen 
requirement will be 180 units nitrogen/ha.  This is not the optimum nitrogen requirement as this will 
depend on the cost of nitrogen and the yield response obtained per unit nitrogen applied as well as the 
price of canola seed.  At a cost of 50¢/kg for nitrogen and $300/t for canola seed the economic 
optimum total nitrogen requirement will be 140 units nitrogen for the 1.5 t/ha potential yield (Table 2).  
Figure 1: Nitrogen uptake for a well 
fertilised canola crop
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Table 2. Total nitrogen requirement for a 1.5 t/ha Potential Yield (cost of N = $0.50/kg, canola value = 
$300/t)  
Total N available Seed yield (t/ha) 
Cost of fertiliser 
$ 
Value of yield 
increase $ 
Added value less 
fertiliser cost 
100 1.239   0 
120 1.331 10 27.6 17.6 
140 1.392 10 18.3 8.3 
160 1.433 10 12.3 2.3 
180 1.459 10 7.8 -2.2 
200 1.475 10 4.8 -5.2 
By doing a similar exercise for the 1.0, 2.0 and 2.5 t/ha potential yields the following total optimal  
nitrogen requirements for each potential yield can be calculated: 
Total optimal N requirement (kg N/ha) Potential seed yield (t/ha) 
90 1.0 
140 1.5 
200 2.0 
240 2.5 
This provides the total nitrogen requirement for each crop potential.  The amount of fertiliser N that 
needs to be applied will depend on the amount of nitrogen available in the soil.  This is dependent on 
a number of factors such as organic carbon content of the soil, gravel percentage, rainfall and crop 
rotation.  Table 3 provides an average estimate of nitrogen from the soil depending on crop history 
and rainfall. 
Table 3. Estimated nitrogen supply from the soil 
Crop history Rainfall zone 
Last year Year before 
(< 350 mm) 
Low 
(350-450 mm) 
Medium 
(> 450 mm) 
High 
  kg N/ha 
Non legume Non legume 30 40 80 
Non legume Legume 40 50 100 
Legume Non legume 70 100 160 
Legume Legume 90 140 200 
 
Graph 2: Nitrogen response curves for each potential yield
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HOW TO ESTIMATE NITROGEN REQUIREMENT FOR CANOLA 
1. Firstly determine the yield potential of the paddock.  A one t/ha crop will need 90 units N/ha, 
while a 1.5 t/ha crop will require 140 units N/ha. 
2. Then determine how much N will be in the soil. If the paddock is in the medium rainfall region 
and had wheat and barley the past two seasons then the amount of soil N available will be (non 
legume, non legume – medium rainfall ) 40 units N/ha. 
3. Calculate the fertiliser N required. In our example above : this would be 140 units N/ha for a 
1.5t/ha crop less 40 units N/ha  = 100 units N/ha. 
Note:  One unit nitrogen equals one kilogram nitrogen or 2.1 kilograms Urea (46% N). 
HOW RELIABLE IS THIS RECOMMENDATION? 
The results obtained from the Esperance Canola Monitoring Groups were used to test the tables 
developed by Bill Bowden and Isabel Arevalo-Vigne.  Actual growers nitrogen inputs and paddock 
history were recorded as well as seed yield.  Table 4 shows the actual seed yield obtained by growers 
and  that predicted from the tables.  For most paddocks, the predicted was very close to the actual 
indicating that the tables are a good estimate of the nitrogen requirement for different paddocks.  
The results show that the predicted yields were on average equal to the actual yields for the medium 
rainfall region.  The coastal growers are achieving close to potential yields, with an average of 
170 kg/ha below the potential.  This means that the use of the total nitrogen balance can be useful for 
growers to determine their canola nitrogen requirements.  Growers can calculate the total nitrogen 
required, how much nitrogen will be available from the soil and thus how much fertiliser nitrogen to 
apply. 
OTHER FACTORS THAT STILL NEED TO BE CONSIDERED WHEN 
CALCULATING FERTILISER NITROGEN REQUIREMENTS ARE: 
Losses of nitrogen 
• Leaching losses.  Nitrate is very soluble and can be washed below the root zone with high 
rainfall events and especially in sandy soils. 
• Denitrification.  This process occurs under anaerobic (waterlogged) conditions.  The process is 
favoured under high organic material levels, high soil moisture, low aeration, and pHw above 4.5. 
• Ammonium fertilisers.  When the N fertilisers such as ammonium nitrate, ammonium sulphate 
and the ammonium phosphates (MAP and DAP), are applied to the surface of alkaline or 
calcareous soils, a chemical reaction may cause the loss of nitrogen as ammonia gas, a 
process called volatilisation. Incorporation of these fertilisers into the soil will minimise losses. 
• Urea.  Urea can be rapidly lost due to volatilisation under warm moist conditions.  Losses can 
be avoided by soil incorporation, applying when soil temperatures are low, or applying just prior 
to a rainfall event. 
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Table 4. 1999 Esperance canola monitoring group nitrogen use and actual seed yield results compared 
to predicted 
Medium rainfall  -  Potential yield 1.5 t/ha 
 
Previous 
crop 
Actual 
yield 
(t/ha) 
Oil % 
Total  
fertiliser 
(units N/ha) 
Estimated 
soil N (units 
N/ha) 
Total N 
(units/ 
ha) 
Estimated 
potential 
yield 
Yield  
diff () 
A Wheat 1.20 45.0 60 40 100 1.23 -0.03 
B F. beans 1.70 42.8 53 100 153 1.40 +0.30 
C Barley 1.30 44.0 48 40 83 1.11 +0.19 
D Wheat 0.90* 40.0 43 40 83 1.11 -0.21 
E Pasture 1.20 41.0 66 140 206 1.47 -0.27 
*  Frost damage. 
High rainfall  -  Potential yield 2.5 t/ha 
F Pasture 1.80 44.0 45 200 245 2.33 -0.53 
G Pasture 2.20 45.0 60 200 260 2.37 -0.17 
H Pasture 2.37 44.5 55 200 255 2.34  0.03 
I Pasture 2.20 45.0 59 200 259 2.37 -0.17 
J Pasture 2.30 46.0 45 200 245 2.33 -0.03 
Yield  = yield difference. 
Growers need to be aware that up to 50% of applied fertiliser N can be lost to the plant.  Timing of 
application is important.  Growers should add between 10 and 30% to their fertiliser N requirement to 
account for losses at application. 
TIMING OF APPLICATION 
There have been a number of trials conducted on canola to determine the best method of application.  
In 1987 and 1988, twelve trials were undertaken in NSW to find the optimum split application 
technique of applying N to canola.  Results shown in Table 5 indicate: 
• Yield was affected more by total nitrogen rate than by split application techniques. 
• In the medium to low fertility sites it was better to have some nitrogen applied at sowing rather 
than top dressing all at bud formation. 
Table 5. Timing of nitrogen application (12 sites) 
Nitrogen (kg/ha) 
sowing/topdress 
1987 1988 Average Yield increase % 
0/0 1.79 1.82 1.80 100 
25/0 
0/25 
2.13 
2.13 
2.17 
2.03 
2.15 
2.08 
119 
116 
50/0 
0/50 
25/25 
2.24 
2.34 
2.33 
2.18 
2.18 
2.19 
2.21 
2.26 
2.26 
123 
126 
126 
0/75 
50/25 
25/50 
75/0 
2.47 
2.53 
2.47 
- 
2.18 
2.42 
2.33 
2.39 
2.32 
2.47 
2.40 
- 
129 
137 
133 
 
 81 
Table 6. The effect of split application on yield (Victoria 1988) 
Nitrogen 
topdressed later 
(kg/ha) 
Nitrogen applied at sowing (kg/ha) 
 0 25 50 100 
0 1.18 1.33 1.54 1.65 
25 1.34 1.47 1.62  
50 1.45 1.52 1.61  
100 1.56    
Table 6 shows the summary of several trials in central Victoria with split nitrogen applications (part at 
seeding and the balance at the start of stem elongation).  The results show that there is a greater 
amount of nitrogen response than method of application.  Yields were better when most was applied 
at seeding, with the balance applied just before stem elongation. 
Local research has shown similar results.  For heavy clay soils all the N can be incorporated at 
seeding (if N can be incorporated or placed to the side of the seed so that it is not toxic to the seed).  
Splitting will be of use where nitrogen losses are likely due to waterlogging, leaching (sandy soils) or 
with high pH.  Between 10-15 units N/ha should be applied at seeding with the balance topdressed 
6-8 weeks after seeding. 
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